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The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  afford  a  clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice, 
so  that  the  student  may  be  enabled  to  exchange  his 
present  vocation  for  a  more  congenial  one  or  to  rise  to  a 
higher  level  in  the  one  he  now  pursues.     Furthermore,  he 
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wishes  to  obtain  a  good  working  knowledge  of  the  subjects 
treated  in  the  shortest  time  and  in  the  most  direct  manner 
possible. 

In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  men- 
suration, and  in  no  case  is  any  greater  knowledge  of 
mathematics  needed  than  the  simplest  elementary  principles 
of  algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acq'uaintance  with  the  use  of  the  logarithmic 
table.  To  effect  this  result,  derivations  of  rules  and 
formulas  are  omitted,  but  thorough  and  complete  instruc- 
tions are  given  regarding  how,  when,  and  under  what 
circumstances  any  particular  rule,  formula,  or  process 
should  be  applied;  and  whenever  possible  one  or  more 
examples,  such  as  would  be  likely  to  arise  in  actual  practice 
— together  with  their  solutions — are  given  to  illustrate  and 
explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
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heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the 
maximum  of  information  in  a  minimum  space,  but  this 
information  is  so  ingeniously  arranged  and  correlated,  and 
the  indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  to  select  the  proper 
formula,  nnethod,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

Four  of  the  volumes  of  this  library  are  devoted  to  sub- 
jects pertaining  to  shop  and  foundry  practice.  The  present 
volume,  the  first  of  the  series,  treats  on  the  following  sub- 
jects: lathe  work,  planer  work,  shaper  and  slotter  work, 
drilling  and  boring,  and  milling  machines..  The  subjects 
named  have  been  treated  from  the  standpoint  of  the  man 
running  the  various  tools  described,  and  the  text  is  there- 
fore suited  not  only  to  the  wants  of  the  apprentice  and  the 
journeyman,  but  meets  fully  the  requirements  of  the  fore- 
man, superintendent,  or  any  one  else  desiring  an  intimate 
knowledge  of  the  operation  of  machine  tools.  This  volume, 
together  with  the  others  on  shop  and  foundry  practice,  will 
prove  of  great  value  to  all  persons  engaged  in  handling, 
operating,  manufacturing,  or  designing  machinery. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc. 
is  such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  partS,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number ; 
and  to  distinguish  it  from  the  page  number  it  is  preceded 
by  the  printer's  section  mark  (§).  Consequently,  a  refer- 
ence such  as  §  37,  page  26,  will  be  readily  found  by  looking 
along  the  inside  edges  of  the  headlines  until  §  37  is  found, 
and  then  through  §  37  until  page  26  is  found. 

International  Textbook  Company. 
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THE  LATHE. 


HISTORICAL. 

1  •  Early  Forms  of  Latties. — The  art  of  turning,  or 
the  production  of  circular  or  cylindrical  pieces  by  the  aid  of 
a  machine  and  special  tools,  has  long  been  known.  One  of 
the  earliest  forms  of  machines  of  which  there  is  record  was 
one  used  for  this  purpose.  It  consisted  of  a  crude  wooden 
frame  in  which  the  piece  to  be  turned  was  held  by  pointed 
wooden  or  metal  pegs  passing  through  the  frame  and  into  the 
ends  of  the  piece.  The  piece  was  made  to  rotate  upon  these 
pegs  by  wrapping  a  cord  or  band  about  one  end  of  the  piece. 
One  end  of  the  cord  was  fastened  to  a  weight  or  a  spring 
pole,  while  the  other  was  held  by  the  operator  or  an  assist- 
ant. By  pulling  the  cord,  the  work  was  made  to  rotate  in 
one  direction,  the  weight  or  spring  pole  pulling  it  back  as 
soon  as  the  forward  pressure  was  released.  The  tools  for 
cutting  were  held  in  the  hand  and  presented  to  the  work  in 
such  a  way  as  to  cause  them  to  cut  the  various  shapes 
desired.  These  early  machines  were  called  lathes,  and  the 
simple  principle  that  they  involved,  i.  e.,  of  revolving  the 
work  upon  its  axis  while  being  operated  upon  by  the  cutting 
tool,  is  still  the  fundamental  principle  in  the  most  modern 
lathes. 

§3 
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2«  Slide  Rest. — It  was  not,  however,  until  the  inven- 
tion of  the  slide  rest  and  its  application  to  the  lathe,  and, 
subsequently,  to  other  forms  of  machine  tools,  that  the 
rapid  growth  and  improvement  in  machine-tool  construction 
began.  The  credit  for  this  invention  is  universally  be- 
stowed upon  Mr.  Henry  Maudslay,  an  Englishman,  who  was 
born  in  the  year  1771  and  died  in  1831.  His  slide  rest  was 
first  applied  to  lathes  in  1794.' 

His  method  was  to  fix  the  cutting  tool  rigidly  in  a  block 
that  was  fitted  into  a  groove  or  slide  in  such  a  manner  that 
it  could  be  moved  only  in  one  direction,  it  being  held  rigidly 
against  all  forces  tending  to  move  it  in  any  other  direction. 
A  uniform  speed  or  feed  along  this  line  of  free  motion  was 
given  by  the  use  of  a  screw.  These  few  simple  principles 
are  the  ones  still  employed,  and  their  use  has  made  possi- 
ble the  rapid  improvements  and  developments  in  machine 
construction  that  have  resulted  in  the  wonderfully  high 
type  represented  in  the  automatic  machines  of  the  present 
day. 

3.  Development  of  Latties. — The  early  lathe  was 
more  rapidly  developed  than  the  other  metal-working  ma- 
chines, and  consequently  was  called  on  to  perform^  many 
operations  that  could  now  be  more  easily  performed  on 
other  types  of  machines.  It  not  only  had  to  perform  its 
own  characteristic  functions  of  producing  cylindrical, 
tapered,  or  conical  and  radial  surfaces,  but  it  had  to  act  in 
the  capacity  of  drill  press,  boring  mill,  milling  machine,  and 
grinding  machine  as  well. 

These  special  forms  of  machines,  which  are  for  the  most 
part  branches  from  the  original  lathe,  have  now  become  so 
fully  developed  and  adapted  to  their  special  work  that  the 
lathe  has  been  greatly  relieved  of  abnormal  duties  and  can 
now  be  used  almost  exclusively  in  performing  its  normal 
functions.  While  the  lathe  is  now  assuming  its  particular 
line  of  work,  it  does  not  follow  that  its  work  is  less 
complicated  or  of  less  importance;  it  simply  admits  of  a 
greater  development  and  a  greater  amount  of  skill. 
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CLASSES  OF  LATHBS. 

4.  Lathe  work  probably  embraces  a  greater  variety  of 
operations  than  the  work  of  any  other  machine,  and  because 
of  this  fact  lathes  are  divided  into  different  sizes  and  classes 
specially  designed  to  operate  upon  some  particular  class  of 
work.  Chief  among  these  classes  is  the  engine  lathe^  which 
might  be  considered  as  the  typical  metal-workers'  lathe. 
This  same  type  of  lathe,  when  made  with  particular  care 
and  supplied  with  some  extra  attachments,  is  sometimes 
classed  as  a  toolmakers*  lathe.  Other  types  of  lathes  that 
possess  some  peculiar  characteristic  are  the  gap  lathe^  axle 
lathe ^  wheel  lathe ^*  turret  lathe ^  bench  or  precision  lathe ^  and 
some  other  types  specially  designed  for  a  particular  duty, 
all  of  which  will  be  described. 

In  operating  any  of  the  above-named  lathes,  it  will  be 
found  that  the  underlying  principles  necessary  for  success- 
fully completing  a  piece  of  work  on  any  machine  are  simi- 
lar, and  that  if  the  engine  lathe  be  thoroughly  mastered,  the 
others  may  be  successfully  handled  with  a  little  practice. 
The  principal  differences  will  be  found  to  arise  from  the  size 
and  peculiar  shapes  of  the  work. 
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GBNBRAL   DESCRIPTION. 

5.  In  discussing  the  work  of  the  lathe,  the  standard 
engine  lathe  of  medium  size,  from  16-inch  to  24-inch  swing, 
will  be  considered  first. 

The  term  engine  lattie  generally  indicates  that  the  lathe 
is  driven  by  some  power  other  than  foot  power,  that  the  tool 
motion  is  controlled  by  power  feeds,  and  that  the  lathe  is 
equipped  with  a  leadscrew  used  for  cutting  scj^ew  threads. 

6,  Names  of  Parts. — Fig.  1  represents  a  standard  type 
of  screw-cutting  engine  lathe  with  the  various  parts  num- 
bered, and  their  respective  names  and  duties  are  as  follows: 
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yl  ^  is  the  bed  or  shears;  5,  the  headstock  complete;  C,  the 
tailstock  complete;  i?,  the  carriage;  i%the-apron;  £,  £,  the 
legs;  1,  the  live  center;  «,  the  dead  center;  5,  the  driving 
cone ;  ^  the  driving  gear  keyed  to  spindle ;  S,  the  back  gear; 


B,  the  handle  for  throwing  the  back  gears  "in  "or  "out"; 
7,  the  face  plate;  8,  the  stud,  or  spindle;  9,  a  feed-cone  on 
stud;  10,  the  large  feed-cone  on  feed-rod;  Ji,  the  feed-rod; 
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12,  a  change  gear  on  stud  used  in  screw  cutting;  IS,  a 
change  gear  on  leadscrew  used  in  screw  cutting;  7-4,  an 
intermediate  gear  for  connecting  gears  12  and  IS;  15,  the 
leadscrew  used  in  screw  cutting;  16,  a  hand  crank  for 
traversing  carriage  by  hand;  17,  a  knob  for  throwing  in 
automatic  feed  from  feed-rod;  18,  a  lever  for  throwing  in 
automatic  feed  from  leadscrew ;  19,  a  hand  crank  for  opera- 
ting cross-slide;  20,  sl  knob  for  throwing  in  automatic  cross- 
feed;  21,  the  tool  post  for  holding  the  cutting  tool;  22,  2. 
nut  for  clamping  tailstock  to  the  bed  A ;  2S,  a  hand  wheel 
for  adjusting  tailstock  spindle  and  dead  center;  21/.,  a  lever 
in  headstock  for  reversing  direction  of  feed-motion;  25,  a 
feed-rack  securely  fastened  to  the  lathe  bed ;  26,  a.  handle 
for  operating  compound  rest  cross-feed;  and  27,  an  adjust- 
ing screw  for  setting  over  tailstock  spindle. 

7«  Tlie  Carriage. — The  carriage  is  divided  into  two 
parts.  The  upper  part  D  is  called  the  saddle.  It  is  care- 
fully fitted  and  gibbed  to  the  top  of  the  lathe  bed,  carries 
the  cross-slide  and  the  tool,  and  receives  all  the  strain  and 
thrust  exerted  in  cutting  the  work.  The  second  paTt  F  is 
called  the  apron.  This  is  secured  to  the  saddle  by  screws. 
It  hangs  in  front  of  the  bed  and  contains  the  gearing 
through  which  the  feed-motion  is  transmitted  from  the  feed- 
rod  11  to  the  feed-rack  25  and  the  split  nut  which  engages 
the  leadscrew  when  cutting  threads. 

8.  Tlie  Feed. — To  operate  the  feed  or  cause  the  car- 
riage to  move  automatically  along  the  lathe  bed,  the  knob  17 
is  turned,  thus  operating  a  friction  clutch  inside  the  apron. 
This  operation  throws  in  the  feed  and  power  is  then  trans- 
mitted from  the  stud  cone  9  to  the  feed-rod  cone  10  by 
means  of  a  belt,  and  so  along  the  rod  to  the  carriage.  The 
direction  of  the  feed-motion  may  be  changed  by  introdu- 
cing another  gear  into  the  train  of  gearing  either  in  the 
apron  or  in  the  headstock. 

If  we  have  a  train  of  gears,  as  shown  in  Fig.  2,  in  which 
power  is  applied  to  rotate  No.  1  in  the  direction  indicated  by 
the  arrow,  it  will  be  observed  that  gears  Nos.  S  and  5  rotate 
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in  the  same  direction,  while  gears  Nos.  S  and  ^  rotate  in 

the  opposite  direction.     From  this  we  may  see  that  if  the 

^ „ ^       ,_^        number  of  irears  in  a 

I  }>.     '     k^  *  J^     *     A     '  J   first   and   last   gears 

—      ^^^^^     ^' — -^    revolve    in    opposite 

^'°'  '■  directions,    while    if 

the  number  of  gears  are  odd,  the  first  and  last  gears  revolve 
in  the  same  direction. 


Fig.  3  shows  an  end  view  of  a  headstock  and  the  gears  by 
which  the  direction  of  the  feed-motion  is  controlled. 

Fig.  4  is  a  detailed  end  view  of  the  same  headstock.  Gear 
No.  1  is  keyed  to  the  spindle,  while  gear  No.  S  is  keyed  to 
the  stud  or  change-gear  spindle  6.  An  arm  pivoted  on  the 
stud  spindle  6  carries  the  gears  2  and  4-  When  the  handle  5 
is  up,  motion  is  transmitted  from  the  gear  on  the  headstock 
spindle,  through  gear  2  to  gear  3.  Then,  having  three 
gears  in  the  train,  the  first  and  last  gear  have  the  same 
direction.     When  the  handle  5  is  pushed  down,  as  in  Fig.  5, 
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gear  2  is  moved  away  from  gear  1,  and  gear  4,  which  was 
before  revolving  idly,  is  brought  against  gear  1.  Motion  is 
then  transmitted  from  gear  1  to  ^,  from  ^  to  S,  and  from  3 
to  S,  so  that   while  in  this  position  there  are  four  gears  in 


the  train  and  the  motions  of  the  first  and  last  gears  are  in 
opposite  directions.  In  Fig.  1  this  same  reversing  mechan- 
ism is  used,  but  the  gearing  is  placed  inside  the  frame  of  the 
head  stock. 

9.  The  Speed> — The  various  speeds  of  the  lathe  are 
controlled  by  the  belt  running  on  different  steps  of  the 
cone  S,  Fig.  1,  and  by  the  use  of  the  back  gears. 

10>  The  Back  Gears. — Pig.  6  is  a  horizontal  section 
through  the  headstock,  illustrating  the  operation  of  the  back 
Bears.  The  back  gears  b  and  c  are  rigidly  fixed  to  the  ends 
of  a  hollow  quill,  this  quill  being  supported  on  an  eccentric 
shaft  on  brackets  at  the  back  of  the  headstock.  By  partly 
rotating  this  eccentric  shaft  by  means  of  the  hand  lever  e, 
the  back  gears  ^  and  ^  can  be  brought  forwards  to  engage 
with  the  gears  a  and  d.  The  cone  is  fitted  to  revolve  freely 
on  the  spindle,  and  carries  with  it  gear  a.  Gear  d  is  keyed 
to  the  spindle  aiid  revolves  with  it.  When  the  back  gears 
are  out,  the  cone  may  be  attached  to  the  driving  gear  d  by 
means  of  a  block/",  which  may  be  moved  into  a  radial  slot 
cut  in  the  end  of  the  cone.  When  thus  connected,  the  cone 
and  Spindle  revolve  together.     When  the  back  gears  are  to 
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be  used,  this  block  is  dropped  out  of  the  slot  and  ti'e  cone  is 
again  free  to  revolve  on  the  spindle.  The  back  gears  are 
next  brought  forwards  to  engage  with  the  cone  and  spindle 
gears.  Power  is  then  transmitted  from  the  cone  and  gear  a 
to  gears  b  and  c,  and  from  gear  c  to  the  driving  gear  d,  and 
so  to  the  spindle.  Because  of  the  different  sizes-  of  the  back 
gears,  the  speed  is  much  reduced ;  the  ratio  of  speed  with  the 


back  gears  out  to  the  speed  with  the  back  gears  in,  the  belt 
remaining  on  the  same  step  of  the  cone,  is  about  10  to  I  on 
lathes  of  about  IG-inch  swing.  This  change  by  the  intro- 
duction of  the  back  gears  not  only  reduces  the  speed  but  at 
the  same  time  increases  the  power,  making  it  possible  to  take 
much  deeper  cuts  on  the  work. 

11.     Double  and  Triple  Gearing. — When  a  greater 

change  of  speed  is  desired  than  can  be  obtained  with  the 
ordinary  set  of  back  gears,  a  second  combination  of  gears  of 
different  ratios  is  introduced  whereby  the  speed  may  be  re- 
duced still  more.  When  this  combination  is  used,  the  lathe 
is  said  to  be  double  back-geared. 
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Fig.  p  dhows  a  double  back-geared  headstock.  The  gears 
^and  c  are  free  to  shde  on  a  feather  on  the  back-gear  shaft, 
so  that  when  moved  to  one  position,  b  meshes  with  a  on  the 
cone  spindle,  giving  one  rate  of  speed.  When  b  and  c  are 
moved  to  the  other  end  of  their  seat,  c  meshes  with  d.     Gears 


Pig.  7. 

c  and  d^  being  of  a  different  proportion  in  diameter  from  b 
and  a,  give  a  different  rate  of  speed. 

On  the  larger  and  more  powerful  lathes,  a  third  combina- 
tion is  used  and  it  is  said  to  be  triple  geared.  Fig.  8  illus- 
trates a  gear  of  this  type.  The  first  portion  of  the  gear- 
ing is  similar  to  that  already  described,  but  the  triple  gearing 
is  obtained  by  means  of  an  internal  gear  a  attached  to  the 

^    C.  5".    L—id 
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face  plate  b,  which  is  oper- 
ated by  a  pinion  on  the 
shaft  d,  thus  producing  a 
slow  speed. 

1 2.     Tallstock.  —  In 

the  simple  engine  lathe, 
as  shown  in  Fig,  1,  the 
tallstock  is  secured  to  the 
bedplate  by  a  clamp  bolt 
2-2  and  can  be  moved  by 
loosening  this  and  sliding 
the  tallstock  to  the  desired 
position  by  hand.  In  the 
case  of  large  lathes,  this 
would  be  difficult  or  itn- 
possible,  and  some  special 
method  is  necessary.  In 
the  form  shown  in  Fig.  8, 
an  arm  f  is  attached  to 
the  tallstock  and  provided 
with  a  hand  wheel  e,  which 
operates  the  gearing  ar- 
ranged to  engage  with  the 
rack  J.  By  this  device 
the  tallstock  can  easily 
be  moved  hy  hand.  In 
some  cases,  arrangement 
is  made  for  connecting 
the  traverse  mechanism 
with  the  leadscrew  so 
that  the  tailstock  may 
be  moved  by  power.  In 
the  form  shown  in  Fig.  ], 
tin;  tail  spindle  is  moved 
in  or  out  by  means  of  the 
hand  wheel  ^-i;  but  In  the 
form  shown  in  Fig.  8,  the 
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tailstock  becomes  of  such  extreme  length  that  it  is  not  always 
convenient  to  operate  the  spindle  by  the  hand  wheel  ^,  and 
the  auxiliary  hand  wheel  h  with  the  shaft  /  and  gearing  at  k 
is  provided,  thus  enabling  the  operator  to  control  the  spindle 
while  he  is  close  to  the  center. 

13.  Feed-Sere ^v  Supports. — In  the  case  of  a  small 
lathe,  as  shown  in  Fig.  1,  the  feed-screw  and  feed-rod,  15  and 
i/,  are  simply  supported  at  the  ends  and  in  the  apron.  In 
the  case  of  long  or  heavy  lathes,  additional  supports,  as 
shown  at  /,  Fig.  8,  become  necessary.  Sometimes  several  of 
these  supports  are  arranged  along  the  lathe. 

14.  Tool  Posts. — In  most  lathes,  the  tool  is  secured  in 
the  ordinary  tool  post  of  the  form  shown  at  21,  Fig.  1,  and 
at  «,  Fig.  8,  but  in  large  lathes  it  is  sometimes  desirable  to 
turn  work  that  cannot  be  swung  over  the  carriage.  In  such 
a  case,  the  device  illustrated  in  Fig.  8  is  used.  It  consists 
of  an  auxiliary  slide  m  placed  at  the  front  end  of  the  car- 
riage, and  the  tool  post  o.  Such  a  tool  post  is  located  con- 
siderably below  the  line  of  the  lathe  centers,  and,  in  order 
to  obtain  the  proper  cutting  angles  for  the  ordinary  tools, 
the  surface  upon  which  the  bottom  of  the  tool  rests  is  inclined 
at  such  an  angle  that  a  plane  passing  through  the  bottom  of 
the  tool  would  pass  approximately  through  a  line  joining  the 
centers. 


PLAIN  CYLINDRICAL  TURNING. 

15.  Example  of  Turning.  —  In  discussing  this  first 
exercise  in  lathe  work,  it  may  be  well  to  have  in  mind  some 
particular  piece  that  is  to  be  finished.  A  plain  cast-iron 
cylinder  12  inches  long, 
2  inches  in  diameter, 
finished  round,  true,  and 
parallel,  according  to  the  ^"g.  9. 

drawing.  Fig.  9,  has  been  selected.  The  stock  'may  be 
2^  inches  in  diameter  and  long  enough  to  ** square  up"  or 
\o  have  the  ends  finished  smooth  when  it  is  the  correct 
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size.  Work  of  this  character,  siicii  as  bolts,  studs,  spindles, 
shafts,  etc,  that  have  been  furged,  cut  from  the  bar,  or  cast 
very  near  the  finished  length,  is  held  in  the  machine  between 
the  lathe  centers,  holes  having  been  previously  drilled  and 
reamed  in  the  ends  of  the  work  for  the  reception  of  the 
lathe  centers. 


CENTERING. 


LOCATING  CENTERS. 

16.  Centerlnic  by  Dividers. — The  operation  of  loca- 
ting, drilling,  and  reaming  the  center  holes  is  one  of  impor- 
tance and  requires  careful  attention.  Various  methods  are 
used  for  locating  center  holes,  depending  on  the  shape  of  the 
piece  and  the  number  of  pieces  to  be  centered.  If  the  stock 
is  round  and  true,  the  center  may  be  roughly  located  by 

placing  the  work  on  a  flat  surface 
and  using  a  pair  of  dividers,  set 
to  about  half  the  diameter  of  the 
work,  for  scribing  lines  on  the 
end,  as  shown  in  Fig.  10.  To  do 
this,  the  dividers  are  drawn  across 
the  chalked  end  of  the  work, 
scribing  one  line;  the  work  is 
given  a  quarter  revolution  and 
^"'-  '"■  another  line  is  scribed,  and  so  on 

until  there  are  four  lines  intersecting,  as  shown.  The 
center  of  the  inscribed  square  is  approximately  the  center 
of  the  work,  provided  the  dividers  were  held  at  the  same 
angle  with  the  work  each  time  a  line  was  scribed.  A  prick- 
punch  mark  made  in  the  center  of  the  square  locates  the 
trial  center. 

17.  Centering  by  Surface  Gauge. — Instead  of  the 
dividers,  a  surface  gause  or  scriber  block  maybe  used  for 
scribing'the  lines.  Fig.  11  shows  how  a  surface  gauge  a 
may  be  used  for  centering  a  bolt  h.  In  this  piece,  it  is  de- 
sirable to  make  the  center  true  with  the  stem  or  shank  of 
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the  bolt.  The  head  cannot  always  be  depended  on  to  be 
forged  true  with  the  shank.  The  bolt  is  placed  in  the  V's 
of  two  blocks  c,  c,  as  shown  in  Fig.  11,     These  blocks  should 


hold  the  bolt  high  enough  from  the  bench  or  table  so  that 
the  head  will  not  touch  when  the  bolt  is  revolved  in  the  V's. 
The  scriber  point  of  the  surface  gauge  is  then  set  to  about 
the  center  of  the  work  and  the  four  lines  are  scribed,  inter- 
secting as  shown. 

18.  Centerlnfc  by  Hermaphrodites.  —  Another 
method  of  locating  the  center  is  by  the  use  of  hermaphro- 
dites, as  shown  in  Fig.  12,  The  hermaphrodites  are  set  so 
that  the  pointed  leg  comes  near  the 
center  of  the  work.  With  the  other 
leg  at  the  respective  jxjints  a,  b.  c, 
and  (/,  four  arcs  are  scribed,  intersect- 
ing as  shown.  The  center  e  of  this 
inscribed  polygon  is  the  approximate 
center. 

19.  Centerlnff  byCup  Centers. 

When  there  are  many  pieces  to  be 
centered,  time  can  be  saved  in  locating 
the  centers  by  the  use  of  a  cup  center, 
shown  in  Fig.  13.  The  conical  opening 
in  the  end  is  placed  over  the  end  of  the 
work,   as  shown,   and  a  light   blow  on 
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the  prick  punch/  with  a  hammer  is  sufficient  to  mark  the 
point.  If  the  end  of  the  work  to  be  centered  is  untrue,  as 
in  Fig.  14,  or  if  the  device  is  not  held  true  on  the  end,  as  in 
Fig.  16,  it  will  not  locate  the  center  accurately.  The  line 
ab  shows  the  center  line  of  the  work,  and  c  d  the  center 


line  of  the  punch.  Fig.  16  shows  a  centering  device  that 
insures  that  the  punch  and  the  work  will  be  held  in  line, 
but  does  not  overcome  errors  due  to  untrue  ends,  as  shown 
in  Fig.  14. 

20.  TeMioff  Location  of  Canters.  —  When  the 
"stock,"  or  the  rough  piece  to  he  finished,  is  very  close  to 
the  finished  size,  it  is  best  to  test  the  accuracy  of  the  loca- 
tion of  the  centers  before  they  arc  actually  drilled  and 
reamed.  This  may  be  done  in  the  case  of  light  work  by 
supporting  it  between  the  centers  of  the  lathe,  allowing  the 
points  of  the  lathe  centers  to  enter  the  prick-punch  marks 
made  in  the  ends  of  the  work.  While  thus  supported,  the 
work  should  be  revolved  rapidly  by  drawing  the  hand 
quickly  across  it.     While  the  work  is  thus  spinning  on  the 
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center  points,  chalk  is  held  against  it  so  that  the  chalk  will 
just  touch.  If  there  is  an  untrue  end  or  a  high  side,  the 
chalk  will  mark  the  high  place.  Thus,  the  work  is  tested 
and  the  center  mark  moved,  if  necessary,  until  the  work 
will  run  with  sufficient  accuracy  to  insure  the  correct  loca- 
tion of  the  centers. 

21.  ChantElng  Center  Marks. — The  center  marks 
in  the  ends  may  be  changed  slightly  in  location  by  using  a 
prick  punch  and  slanting  it  in 
the  direction  in  which  it  is 
desired  to  move  the  mark,  as 
shown  in  Fig.  17  (rt),  or  the 
prick  punch  may  be  held  at  one 
side  of  the  center,  as  shown 
at  {l>).  In  the  latter  case,  the 
point  of  the  punch  will  move 
toward  the  old  center  when 
struck,  but  will  draw  the  center 
to  one  side  as  desired.  When 
the  centers  are  satisfactorily 
located,   they  should  be  made 

quite  large  with  the  punch  for      '"■*  f*^ 

the  purpose  of  making  a  start-  ^'°-  '*■ 

ing  point  for  the  drill.  If  only  a  very  small  mark  is  made 
in  locating  the  center,  the  drill  may  not  start  in  the  desired 
place  but  begin  drilling  at  some  other  point. 


FORMING  CENTERS. 

22.     Centerlog:   Machines. —  When   there   are   large 

quantities  of  work  to  be  centered,  much  time  and  expense 
can  be  saved  by  the  use  of  special  centering  machines.  A 
type  of  one  of  these  machines  is  shown  in  Fig.  18,  These 
machines  render  the  methods  of  locating  centers  just  de- 
scribed unnecessary.  The  one  illustrated  is  fitted  with  a 
universal  chuck  a,  which  holds  the  work  to  be  centered 
accurately  in  line  with  one  spindle  of  the  machine.     If  the 
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work  is  long,  the  end  is  supported  in  the  V-shaped  rest  h. 
When  in  this  position,  the  work  is  drilled  and  reamed,  there 
being  two  spindieK,  c  carrying  a  drill  and  d  a  reamer,  which 
can  be  alternately  brought  in  line  with  the  center  of  the 
work.  After  the  machine  is  once  adjusted,  it  will  drill  and 
ream  all  pieces  to  the  same  depth  and  size. 


23.  Drilling  and  ReamlnK  on  tbe  L.attae  or  Drill 
Press. — If  a  centering  machine  is  not  at  hand,  the  drilling 
and  reaming  may  be  done  on  a  small  sensitive  drill  press  or 
on  a  speed  lathe.  Ordinarily,  this  operation  consists  of  first 
drilling  a  hole  from  iV  '"  ii  \x\<::\\  in  diameter  about  ^  inch 
deep  and  then  reaming  the  end  of  the  hole  with  a  reamer 
of  the  form  shown  in  Fig.  19  (a)  or  Fig,  19  {b).  This 
practice  has  been  almost  entirely  abandoned  in   the  case 
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of  small  work  by  the  introduction  of  tlie  combination  drill 

and  reamer  shown  in  Fig.  10  (r).     This  method  saves  time 

and      insures     that      the 

reamed     position     of     the 

hole  will   be  axially   true 

with  the  drilled  position. 

This  is  a  very  important 

point  when  accurate  lathe 

work  is  to  be  done. 

24.     Correctly 
Formed  Center  Holes.  "^ 

Fig.  20  {a)  shows  a  sec-  ^"'- ^^ 

tion  through  a  properly  formed  center  hole  and  shows  how 
it  should  fit  the  lathe  center.  It  will  be  noticed  that  it  is 
reamed  to  an  angle  of  00°  to  fit  perfectly  the  angle  of  the 
lathe  center;  also  that  the  drill  hole  extends  into  the  work 
sufficiently  deep  to  prevent  the  extreme  point  of  the  lathe 
center  from  bearing  against  the  work. 

The  practice  employed  by  some  workmen  of  forming  the 
center  hole  by  simply  making  a  very  large  prick-punch  mark 
into  the  end  of  the  work  is  a  practice  that  should  not  be 


allowed,  since  it  is  impossible  to  produce  accurate  work  with 
such  center  holes;  besides,  the  work  will  soon  wear  or  break 
off  the  points  of  the  lathe  centers. 

When  very  large  center  holes  are  required  for  supporting 
extra  heavy' pieces,  particularly  in  cast  iron,  it  Is  an  excel- 
lent plan  to  cut  several  oil  channels,  as  a.  Fig.  20  {b).  It  is 
also  well  to  fill  the  end  of  the  center  hole  b  with  wool,  felt, 
or  picked  up  waste  saturated  with  oil 
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HOLDING    WORK  BBTW^BBN   CENTERS. 

25.  Precautions. — After  centering,  the  work  is  ready 
for  the  lathe.  A  lathe  dog,  Fig.  21,  is  slipped  on  one  end 
of  the  work,  a  drop  of  oil  put  in  the  center  hole  of  the  other 
end,  and  the  tailstock  adjusted  to  the  proper  position  for 
holding  the  work  between  the  centers.  Care  must  be  taken 
rn  adjusting  the  dead  center.  The  proper  adjustment  is 
such  that  the  work  is  free  to  turn,  and  at  the  same  time  is 
held  so  tight  that  there  is  no  lost  motion.  The  operator 
must  also  see  that  the  tail  of  the  dog  fits  loosely  in  the  notch 


Pig.  21. 


Fig.  22. 


of  the  face  plate.  Sometimes  the  tail  of  the  dog  pinches  in 
the  face  plate  in  such  a  manner  as  to  hold  the  work  off  from 
the  live  center,  as  shown  in  Fig.  22.  This  prevents  the 
work  from  running  true.  In  adjusting  the  tailstock  on  the 
bed,  it  should  be  clamped  in  such  a  position  that  it  will  not 
be  necessary  to  run  the  tailstock  spindle  out  very  far  to 
reach  the  work,  as  greater  rigidity  is  secured  by  keeping  the 
spindle  well  in  the  tailstock. 


SQUARING  THE  ENDS. 

26.  All  work  turned  betweeii  the  centers  of  a  lathe 
should  have  its  ends  *' squared  up  "  or  made  flat  and  true 
before  attempting  to  turn  the  cylindrical  surfaces. 
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Fig.  83. 


THE  TOOL,. 

27.  Side  Tool. — The  tool  used  for  this  kind  of  work 
is  shown  in  Fig.  23  and  is 
known    as    a    right-hand 
side  tool  or  knife  tool. 

28.  Grinding:  the 
Tool.  —  Lathe  tools  are 
ground  for  two  purposes: 
firsts  to  secure  the  desired 
form  and  shape  ;  and, 
second^  to  make  the  tool  sharp.  After  a  tool  is  once  cor- 
rectly shaped,  there  should  be  as  little  grinding  as  possi- 
ble, in  order  that  the  original  shape  may  be  preserved. 
Much  grinding  needlessly  wears  away  the  tool.  Fig.  24 
shows  an  end  view  of  a  side  tool  correctly  shaped  and  illus- 
trates how  it  is  presented  to  the  work  as  seen  from  the  back 
of  the  lathe.  The  cutting  edge  of  the  tool  is  at  the  center 
of  the  work.  It  will  be  noticed  that  the  face  of  the  tool  A  B 
is  ground  flat  and  at  an  angle  to  the  line  C  D,  which  is  par- 
allel to  the  side  of  the  shank.     This  angle,  formed  by  the 
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Fig.  25, 


lines  A  B  and  CD,  is  the  angle  of  side  rake.  The  top 
face  denoted  by  the  line  EF  is  usually  ground  to  make  an 
angle  with  the  face  A  B  oi  about  60°  for  cast  iron  and  55°  for 
wrought  iron  or  soft  steel.  When  sharpening  the  tool,  the 
most  grinding  should  be  done  on  the  top  face  E  F,  care  being 
taken  to  preserve  the  original  shape  of  the  tool.  Fig.  25 
shows  how  a  careless  workman  may  round  the  face  A  B  oi 
the  tool  in  attempting  to  make  the  cutting  edge  sharp,  with 
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the  result  that  the  tool  cannot  cut  because  of  the  high 
place  //,  which  touches  the  face  of  the  work  first.  After  a 
tool  is  ground  on  an  emery  wheel  or  grindstone,  it  should  be 
sharpened  by  the  use  of  an  oilstone,  to  give  it  a  keen  edge. 


SETTING  THB  TOOI.. 

29*     General  Considerations.  —  For  roughing  cuts, 
the  tool  should  be  clamped  in  tlie  tool  post  so  that  the  cut- 
ting edge  A  /i,   Fig.   26,  makes 
an  angle  of  from  10°  to  15°  wiih 

the  end  of  the  work.  The  tool 
'  should  be  clamped  as  close  to 
the  cutting  edge  as  possible, 
in  order  to  give  rigidity  to  the 
tool.  The  tool  should  be  ad- 
justed  for  height,  so  that  the 
cutting  edge  is  level  with  the 
t'ni.  26.  center  of  the  work, 

30.  Bise-an«l-Fall  Rest. — Various  means  are  adopted 
for  adjusting  the  height  of  the  tool,  depending  on  the  style 
of  lathe  and  carriage.  Fig.  27  shows  a  very  common  form 
used  on  small  sizes  of 
lathes.  This  is  known  as 
the  rlse-and-fall  rest. 
The  rest  is  composed  of 
two  parts,  one  a  resting  on 
the  bed  of  the  lathe,  while 
the  upper  part  d  is  liiiiged 
at  the  points/,/,  and  car- 
ries the  tool  block.  By 
means  of  the  ■  adjusting 
screw    s,    this    upper    part  "'"^' 

may  be  raised  or  lowered  and  the  tool  set  at  any  desired 
height.  This  is  one  of  the  most  convenient  forms  of  tool 
rest  used  for  small  work.  A  weight  is  frequently  attached 
to  the  under  side  of  *  by  a  link  passing  through  a.     The 
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weight  should  be  heavy  enough  to  hold  the  top  part  down. 
Lathes  fitted  up  in  this  manner  are  called  welKb ted* rest 
lathes. 

31.  Plain  Rest. — Fig.  28  represents  another  type  of 
tool  rest,  known  as  the  plain  rest.  This  style  is  used 
principally  on  the  larger  lathes.  In  this  type,,  the  height  of 
the  tool  point   is  adjusted 

before  clamping  in  the  tool 
post,  by  means  of  wedges, 
washers,  or  rings  under  the 
tool,  as  described  in  the 
following  articles. 

32.  AdJustmentH 
for    HelKht    of    Tool. — 

Fig.  29  {a)  shows  one  style 
of    adjustment    commonly 

used.  The  tool  rests  on  a  chip  rt,  which  is  convex  on  its 
under  side.  This  chip  fits  the  top  of  a  concave  ring  d, 
which  rests  on  the  tool  block.  The  too]  point  o  can  be  set 
at  any  height  within  given  limits,  and  the  chip  a  under  the 
tool  will  rock  to  a  position  that  will  give  a  flat  bearing  for 
the  tool. 


Fig.  29  (d)  shows  another  method  of  adjusting  the  height 
of  the  tool.  The  nut «  is  threaded  and  fitted  to  the  thimble  i, 
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which  fits  over  the  tool  post.  By  rotating  the  nut  «,  the 
thimble  b  may  be  raised  or  lowered  to  any  desired  position. 
This  form  has  an  advantage  over  the  style  previously 
described  in  that  it  gives  a  level  or  flat  bearing  for  the  tool 
and  keeps  it  in  a  horizontal  position  at  all  times.  There  are 
numerous  other  styles  of  tool-post  adjustment  that  vary 
little  in  principle  and  accomplish  the  same  purpose. 


TAKING  THB  CUT. 

33«  Classification  of  Cuts.  —  On  all  machine  work 
there  are  two  classes  of  cuts  used,  namely,  the  roughing  cut 
and  the  finishing  cut.  The  roughing  cut  is,  as  its  name 
implies,  the  first  heavy  cut  taken  over  the  work  for  the  pur- 
pose of  blocking  out  or  roughing  the  work  very  close  to  size, 
the  object  being  to  remove  the  excessive  metal  in  the  short- 
est possible  time.  Roughing  cuts  are  therefore  made  as 
heavy  and  as  deep  as  the  machine  will  drive.  The  finishing 
cut  is  the  last  cut  taken  on  the  piece  and  is  intended  for 
finishing  the  work  to  exact  size  and  at  the  same  time  ma- 
king it  smooth  and  true.  In  order  to  obtain  these  results, 
the  tool  must  be  very  sharp  and  keen. 

34.  Rougliing:  Cuts. — When  using  the  side  tool,  the 
cut  is  started  at  the  center  of  the  work.     The  tool  is  moved 

sidewise  by  moving  the  carriage 
by  hand  until  the  tool  has  a  deep 
cut — deep  enough  to  cut  well 
under  the  gkin  and  scale  if  the 
stock  is  cast  iron.  The  tool  is 
held  in  this  position  by  holding 
the  carriage  still,  while  being 
^'°*  ^\  drawn  from  the  center  by  means 

of  the  cross-slide.  These  operations  are  repeated  until  the 
desired  amount  of  metal  is  cut  from  the  end.  If  much  is 
cut  from  one  end,  a  burr  will  be  left  around  the  center  hole, 
as  shown  at  /;,  Fig.  30.  This  burr  may  easily  be  removed  by 
using  the  point  of  the  tool,  after  having  first  loosened  th^ 
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dead  center  to  admit  the  tool,  as  shown.  The  tool  is  fed 
sidewise,  in  the  direction  of  the  arrow,  by  hand,  and,  at  the 
same  time,  the  dead  center  is  fed  in,  to  keep  the  work  from 
dropping  off.  This  will  cause  chips  and  shavings  to  get 
into  the  center  hole,  which  should  be  carefully  removed 
before  any  turning  is  done  along  the  cylindrical  surface  of 
the  work.  After  each  end  is  roughed  off  and  the  piece  is 
very  close  to  length,  the  center  holes  should  again  be  drilled 
and  reamed,  if  necessary,  to  make  them  of  the  proper  size 
to  stand  the  strain  when  taking  the  heavy  cuts  on  the 
outside. 

35.  Finlahing  Cuts. — Before  taking  a  finishing  cut, 
the  tool  should  be  reground  if  necessary  and  then  made 
keen  and  sharp  with  an  oilstone.  In  order  to  make  the  cuts 
smooth,  it  is  better,  in  grinding,  to  slightly  curve  the  edge 


of  the  tool  near  the  point,  as  shown  in  Fig.  31.  The  tool 
is  set  the  same  as  for  roughing  cuts,  with  the  exception  that 
the  cutting  edge  makes  such  an  angle  that  the  end  of  the 
work  is  flat  or  tangent  to  this  curve 
at  the  point  of  the  tool  o.  If  the 
point  of  the  tool  is  not  rounded  or 
curved,  it  will  leave  deep  marks  on 
the  work,  as  shown  in  a  somewhat 
exaggerated  form  in  Fig.  32,  the  dis- 
tance between  the  marks  represent- 
ing the  movement  of  the  tool  for  '''«■»»■ 
each  revolution  of  the  work.  In  some  cases,  when  the  work 
is  small  in  diameter  or  when  true  square  faces  are  not 
required,  the  edge  of  the  too]  is  ground  straight  and  set  flat 
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with  the  end  of  the  work,  as  shown  in  Fig.  33.  When  the 
tool  is  thus  set,  it  is  fed  in  the  direction  of  the  arrow,  that 
is,  sidewise  to  the  work  and  not  drawn  out  from  the  center. 
The  ** squareness"  of  the  end  will  then  depend  on  the  way 
in  which  the  tool  was  set. 

36.  By  setting  the  tool  as  in  Fig.  31,  so  that  only  a  small 
portion  of  the  point  cuts,  and  then  drawing  the  tool  out 
from  the  center,  the  squareness  of  the  end  is  insured,  be- 
cause of  the  accuracy  of  the  cross-feed.  If,  however,  in 
making  the  cut,  the  tool  and  carriage  are  jarred  or  moved 
away  from  the  work,  or  if  the  tool  dulls,  or  springs  in  the 
tool  post,  the  work  will  not  be  true.  The  work  may  be 
tested  with  sufficient  accuracy  for  ordinary  work  by  putting 
a  scale  or  straightedge  across  the  end,  when,  by  holding  it 
to  the  light,  it  will  be  easy  to  detect  any  slight  error.  If  the 
lathe  continues  to  make  the  work  concave  or  convex  after 
the  spring  of  the  carriage  and  tool  have  been  cared  for,  the 
lathe  centers  will  probably  be  found  out  of  line.     After  the 

centers  are   lined  up,   the  difficulty 
_    will  probably  disappear. 


TURNING    TO    A    DIAMETER. 


THE  TOOL. 

37.  Shape  of  Tool. — The  tool 
selected  for  the  outside  cylindrical 
turning  in  this  case  is  called  a  dia- 
mond point  or  front  tool.  Very 
much  depends  on  its  exact  shape 
and  the  way  it  is  held  in  the  tool 
post  and  presented  to  the  work. 
These  tools  will  be  discussed  in  full  later.  For  the  oresent, 
the  typical  form  represented  by  the  diamond  point  will 
be  considered.  Fig.  34  shows  this  tool  as  ordinarily  formed. 
The  cutting  is  done  by  the  edge  A  B  and  the  point  O 
shown  in  plan. 
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38.  Grinding. — The  tool  is  sharpened  by  grinding  the 
top  face  EFsLiid  the  faces  shown  by  the  lines  A  B  ^nd  CD. 
Care  should  be  taken  in  grinding  the  front  faces  that  the 
same  amount  be  ground  off  the  heel 
of  the  tool  as  at  the  point,  so  that 
the  slope  of  the  front  of  the  tool, 
shown  by  the  line  G  H^  be  kept  the 
same.  When  the  tool  becomes  dull, 
there  is  a  tendency  to  hurry  the 
grinding  operation  and  make  the 
cutting  edges  sharp  by  rounding  the 
front  faces,  so  that  the  tool  soon  appears  as  shown  in  Fig.  35. 
While  this  may  make  the  cutting  edge  sharp,  it  entirely 
changes  the  cutting  conditions  of  the  tool. 

After  grinding  the  three  faces  E  F^  A  B^  and  CD^  Fig.  34, 
they  will  form  a  sharp  point  at  O  and  a  sharp  edge  along 
the  line  G  H,  This  edge  should  be  rounded  along  its  entire 
length,  so  that  the  point  of  the  tool  will  be  rounded  as  shown 
in  plan  in  Fig.  34. 

In  grinding  lathe  tools  when  the  tool  is  held  in  the  hand, 
the  point  should  be  finished  by  holding  it,  when  applied  to 
the  grindstone  or  emery  wheel,  as  shown  in  Fig.  36.  This 
allows  the  water  to  strike  the  cutting  edge  first,  keeping  it 
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Fig.  87. 


cool ;  it  also  sets  in  the  correct  direction  the  grain  of  the 
tool  caused  by  the  cutting  particles  of  the  emery  wheel. 
The  tool  should  never  be  held  as  shown  in  Fig.  37  when 
grinding  by  hand,  as  there  is  danger  that  it  will  catch 
between  the  wheel  and  the  rest  and  cause  much  damage. 
49—17 
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SETTING  THE  TOOL. 

39*     Position  of  Tool.  —  The  tool  should  be  clamped 
in  the  tool  post  as  close  to  the  cutting  edge  as  possible,  to 
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give  it  rigidity.     The  shank  is  generally  set  about  square 
with  the  work,  as  shown  in  Fig.  38. 

40.  Height  of  Tool. — Very  much  depends  on  the 
height  of  the  tool.  The  correct  height  is  governed  by  the 
angle  of  front  rake  or  the  slope  of  front  edge  of  the  tool  G  Hy 
Fig.  34.  Fig.  39  shows  a  tool  at  the  correct  height  for 
turning  a  piece  to  the  diameter  shown  by  the  inner  circle. 


Fig.  88. 


In  this  case,  if  a  line  A  B  he  drawn  from  the  center  of  the 
work  Ay  through  the  point  of  the  tool  O,  it  will  be  found 
that  the  front  of  the  tool  G  H  is  tangent  at  this  point  O. 
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If   the   tool  should  be  raised,  keeping  the  front  of  the 
tool  G  H  dX  the  same  angle  to  the  work,  it  would  bring  the 
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cutting  point  above  the  work,  as  shown  in  Fig.  40.  It  is 
obvious  that  in  this  position  it  would  be  impossible  for  the 
tool  to  cut. 

Fig.  39  shows  the  exact  position  for  a  perfect  tool,  pro- 
vided it  would  remain  sharp.  In  practice,  the  tool  dulls 
and  the  point  rounds  off  slightly,  so  that  it  is  customary  to 
set  the  tool  slightly  below  this  theoretical  point.  This  theo- 
retical height  varies  with  every  diameter  of  work.     Fig.  41 
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shows  a  tool  correctly  set  for  a  piece  of  large  diameter. 
The  dotted  lines  show  the  same  tool  at  the  same  height 
moved  in  to  cut  on  a  smaller  piece  shown  by  the  dotted 
lines.     It  will  readily  be  seen  that  the  tool  cannpt  cut  work 
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of  such  small  diameter  when  its  point  O'  is  so  far  above  the 

work.  It  will  also  be  seen  that  the 
point  of  the  tool  should  be  lowered  as 
the  diameter  decreases,  the  point  O 
following  along  the  line  A  B  until  it 
finally  reaches  the  axis  of  the  work.  In 
clamping  the  tool  in  the  tool  post,  care 
should  be  taken  that  the  point  of  the 
tool  does  not  touch  the  work.  When 
it  does  touch  and  the  tool  is  clamped 

down,  the   edge  is  liable   to   be  cracked  off,  as  shown  in 

Fig.  42. 


TAKING  THB  CUT. 

41.  Roustalns  Cuts.  —  Roughing  cuts  are  taken  to 
reduce  the  work  very  close  to  size  in  the  shortest  time,  after 
which  the  work  is  finished  to  the  exact  diameter  and  at  the 
same  time  made  smooth. 

When  it  is  possible  to  remove  the  excessive  amount  of 
material  at  one  cut,  it  should  be  done.  Whether  this  can  be 
done  or  not  depends  on  the  power  of  the  machine  and  the 
strength  of  the  tool,  and  on  the  strength  of  the  piece  to  with- 
stand a  heavy  cut  without  springing  or  breaking.  Some 
pieces  are  so  frail  that  a  number  of  light  cuts  are  required 
to  remove  an  amount  of  material  that  under  more  favorable 
conditions  could  easily  be  taken  off  at  one  cut.  Whatever 
the  amount  removed  may  be,  there  should  be  left  from  -^ 
to  -jj*y  inch  in  diameter  over  the  finished  size  for  the  finishing 
cut.  Only  in  special  cases  or  on  rough  work  is  it  allowable 
to  rough  and  finish  work  with  the  same  cut. 

42.  In  making  the  first  cut,  the  tool  is  started  at  the  end 
of  the  work  and  fed  by  hand  until  it  begins  to  cut.  The 
feed  is  then  thrown  in  and  the  tool  moves  along  until  a  short 
piece  is  turned  on  the  end.  This  part  is  calipered,  and  if 
correct,  the  lathe  runs  on  until  the  tool  has  fed  about  half 
the  length  of  the  work.  The  work  will  then  be  as  shown  in 
Fig.  43,  the  part  a  being  rough,  and  the  part  b  turned.     It 
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will  be  seen  that  the  tool  cannot  continue  over  the  entire 
piece  because  of  the  lathe  dog  on  the  end  a.  The  work 
should  therefore  be  removed  from  the  lathe  and  the  tool 
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and  carriage  moved  back  to  the  starting  point,  care  being 
taken  not  to  move  the  cross-slide  that  moves  the  tool  in  or 
out  from  the  work. 

The  dog  is  changed  to  the  end  b  and  the  work  reversed 
and  again  put  in  the  lathe.  This  will  bring  the  work  as 
shown  in  Fig.  44.     The  end  a  is  then  turned  the  same  as 


PIO.  44. 

end  b^  and  if  the  cross-feed  has  not  been  moved,  the  work 
will  be  the  same  diameter  at  each  end,  the  two  cuts  meeting 
in  the  middle. 

When  it  is  necessary  to  take  a  number  of  cuts  and  accurate 
work  is  desired,  it  is  better  to  reverse  the  work  after  each 
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cut,  as  just  described,  than  to  take  a  numbef  of  cuts  on 
one  end  before  reversing.  The  speed  of  the  work  depends 
on  certain  conditions  that  will  be  treated  of  later.  For  this 
particular  piece.  Fig.  9,  which  is  2  inches  in  diameter,  it  should 
make  about  75  revolutions  per  minute,  provided  tjie  casting 
is  soft.  The  feed  should  be  comparatively  coarse,  making  a 
thick  shaving. 

43.  Finishing  Cuts.  —  In  taking  the  finishing  cut, 
considerable  skill  must  be  exercised,  since  if  the  piece  is 
once  made  too  small,  there  is  no  remedy,  and  if  cut  rough 
and  untrue,  it  requires  much  extra  labor  to  complete  it. 

The  tool  should  always  be  resharpened  for  the  finishing 
cut.  Its  shape  remains  much  the  same  as  for  roughing,  ex- 
cept that  the  top  face  may  be  given  a  little  more  slant  or 
top  rake.  .    .     ^ 

The  shape  for  tools  for  roughing  and  finishing  cuts  will 
be  described  more  fully  when  considering  the  theory  of  cut- 
ting tools.  The  shapes  of  tools  and  also  the  feed  vary  con- 
siderably, so  that  what  may  be  considered  good  practice  for 
this  piece  would  not  be  the  best  for  heavier  work. 


FINISHING  TO  AN   BXACT  SIZE. 

44.     Use  of  Calipers  for  Measurlns. — The  diameter 
of  the  work  is  measured  by  the  use  of  special  gauges  or  by 

calipers.  When  calipers  are  used,  they 
are  adjusted  to  correct  size  by  trying 
them  over  a  standard  cylindrical  gauge 
of  the  desired  size,  or  they  may  be  set 
to  size  by  the  use  of  a  scale.  When 
setting  calipers  by  the  use  of  a  scale, 
they  should  be  held  as  shown  in  Fig.  45. 
It  will  be  noticed  that  the  point  of  one 
leg  of  the  calipers  comes  against  the  end 
of  the  scale.  By  means  of  the  thumb 
nut,  the  calipers  are  adjusted  so  that 
the  other  point  of  the  calipers  comes 
Fig.  45.  even  with  the  desired  line  on  the  scale. 
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Care  must  be  taken  to  hold  the  calipers  true  and  to  make 
the  adjustment  such  that  by  looking  squarely  by  the  point 
of  the  caliper,  it  will  appear  to  split  the  mark  on  the  scale. 
The  thickness  of  a  line  on  a  steel  scale  is  equal  to  .002  or 
.003  inch,  and  in  many  instances  this  amount  would  be 
si^fficient  to  cause  considerable  trouble. 

45.  Adjusting  tlie  Tool. — The  lathe  tool  is  set  to 
turn  the  correct  diameter  by  a  series  of  careful  trials.  A 
light  cut  is  first  taken  on  the  end,  running  along  far  enough 
to  give  sufficient  length  of  turned  part  to  caliper.  The 
lathe  is  stopped  and  this  part  carefully  calipered.  If  found 
to  be  too  large,  the  lathe  is  again  started,  the  feed  thrown 
out,  and  the  carriage  and  tool  moved  back  to  the  starting 
point.  The  tool  is  moved  forwards  an  amount  determined 
by  the  judgment  of  the  operator  and  another  cut  taken. 
The  work  is  again  calipered,  and  if  found  to  be  correct,  the 
lathe  is  started  and  the  cut  proceeds;  if  the  work  is  still  too 
large,  the  previous  operation  is  repeated  until  the  correct 
diameter  is  obtained.  It  should  be  noticed  that  if,  after 
measuring  the  work,  it  is  found  necessary  to  take  another 
cut,  the  cross-feed  screw  must  not  be  used  except  to  advance 
the  tool.  If  the  tool  is  moved  away  from  the  cut,  the 
operator  has  no  means  of  estimating  how  much  to  turn  the 
cross-feed  screw  to  move  the  tool  in  a  little  deeper  than  it 
was  for  the  last  cut. 

46.  After  the  roughing  cut,  the  work  should  be  calipered 
along  its  entire  length  to  see  if  it  is  all  of  the  same  diameter. 
If  one  end  is  larger  than  the  other,  it  may  result  from  either 
of  two  causes.  The  lathe  centers  may  be  out  of  line,  or  the 
tool  point  may  have  worn  away  enough  to  cause  a  notice- 
able difference  of  diameter.  If  the  centers  are  out  of  line, 
the  dead  center  must  be  moved  until  the  two  sides  of  the 
work  are  parallel.  Care  must  be  taken,  however,  to  locate 
the  cause  correctly,  in  order  that  the  center  may  not  be 
moved  when  the  tool  is  at  fault.  The  adjustment  of  the 
dead  center  will  be  considered  later. 


82  LATHE  WORK.  §3 

CALIPBRING. 

47.  Great  skill  and  delicacy  of  touch  may  be  acquired 
by  careful  calipering,and  differences  in  diameter  of  .001  inch 
may  be  detected  with  ordinary  spring  calipers.  There  are 
two  chances  for  error  in  calipering:  firsts  by  incorrectly 
setting  the  calipers,  and,  second^  by  not  properly  handling 
them. 

Assuming  that  the  calipers  are  correctly  adjusted,  they 
are  held  lightly  between  the  thumb  and  fingers  and  passed 
gently  over  the  work  a  number  of  times.  It  is  obvious  that 
the  diameter  of  a  cylinder  must  be  measured  at  right  angles 
to  its  axis,  and  if  measured  at  any  other  angle,  as  along  the 
line  CZ>,  Fig.  46,  it  would  be  incorrect.  The  calipers  are 
therefore  turned  slightly  from  side  to  side  until  the  position 

is  found  where  the  calipers  pass 
over  the  easiest.  This  position, 
which  appears  to  be  the  small- 
est diameter,  is  the  correct  one. 
When  the  work  is  of  the  correct 
^'°*  ^  size  and  the  correct  position  is 

found,  the  calipers  will  just  pass  over  with  a  very  gentle 
pressure.  If  the  pressure  is  sufficient  to  hold  the  weight 
of  the  calipers  or  if  force  is  required  to  push  them  over 
the  work,  it  is  too  large.  Calipers  may  very  easily  be 
sprung,  and  it  is  an  easy  matter  to  force  them  over  work 
^  or  ^  inch  too  large.  When  the  calipers  have  been  set 
from  a  gauge,  the  work  should  be  turned  so  that  they  fit 
the  work  with  the  same  pressure  and  feeling  that  they  fit  the 
gauge. 


TAPER   TURNING. 

48.  Expressing  the  Taper. — Taper  is  expressed  by 
the  difference  in  diameter  per  unit  of  length,  as  \  inch  to 
1  inch,  or  2  inches  to  1  foot,  meaning,  in  the  first  case,  that 
if  measurements  be  taken  on  a  taper  1  inch  apart,  the  differ- 
ence in  diameters  will  be  \  inch,  or,  in  the  second  case,  if 
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measured  1  foot  apart,  the  difference  in  diameters  will  be 
2  inches.  It  matters  not  how  large  a  piece  may  be,  pro- 
vided this  ratio  of  diame- 
ter is  maintained.  Fig.  47  ^ 
shows  a  number  of  pieces 
of  different  diameters  but 
all  of  the  same  taper. 
Their  lengths  are  the 
same,  and  the  difference 
of  diameters  at  the  two 
ends  is  constant. 

Fig.  48  shows  pieces  of 
different  lengths  but  still 
of  the  same  taper.  The 
first  piece,  1  inch  long, 
has  a  difference  of  ^  inch  in  diameter  at  the  ends.  The  next 
piece,  2  inches  long,  has  |  inch  difference  of  diameter  at  the 

ends  ;  the  third  piece, 
4  inches  long,  has  |  inch 
difference  in  diameter.  If 
the  piece  were  12  inches 
long,  the  difference  of 
diameter  at  the  ends 
would  be  ^^  or  1^  inches 
taper  to  the  foot.  It  may 
thus  be  seen  how  taper 
expressed  in  one  denomination  may  be  reduced  to  another 
denomination.  Thus,  to  reduce  taper  per  foot  to  taper  per 
inch  divide  by  12,  To  reduce  taper  per  inch  to  taper  per  foot 
multiply  by  12. 

49«  Standard  Tapers. — Tapers  are  often  spoken  of 
by  numbers  or  by  the  names  of  particular  makers.  For  ex- 
ample, the  Brown  &  Sharpe  taper  of  a  given  number,  or 
the  Morse  taper  of  a  given  number.  The  Brown  &  Sharpe 
taper  is  supposed  to  be  a  taper  of  ^  inch  to  1  foot  and  the 
number  of  the  taper  indicates  a  particular  diameter.  The 
Morse  taper  was  intended  to  be  f  inch  to  1  foot  and  the 


Fig.  48. 


84  LATHE  WORK.  §3 

numbers  indicate  different  sizes.  Unfortunately,  the  first 
standards  were  inaccurate  and,  consequently,  the  different 
numbers  of  Morse  tapers  are  not  the  same  and  no  one 
of  them  is  exactly  f  inch  to  1  foot,  as  originally  intended. 


METHODS   OF   TURNING   TAPERS. 

50.  Classification  of  Metliods.  —  There  are  four 
methods  for  turning  tapers  in  common  use,  which  are  as 
follows:  firsts  the  dead  center  may  be  set  out  of  line  with 
the  live  center;  second^  a  lathe  provided  with  a  special 
taper  attachment  may  be  employed;  thirds  a.  special  turn- 
ing lathe  in  which  the  headstock  and  tailstock  may  be  set  at 
an  angle  to  the  line  of  tool  feed-motion  may  be  employed ; 
fourth^  the  taper  may  be  turned  with  the  aid  of  a  compound 
rest. 

The  first  method  is  applicable  only  for  outside  turning, 
while  the  other  three  may  be  used  for  turning  and  boring. 


SETTING  OVER    THE   TAILSTOCK. 

51  •  Construction  of  tlie  Tailstock. — The  tailstock 
of  a  lathe  is  so  constructed  that  the  spindle  and  dead  center 
may  be  moved  to  bring  it  either  exactly  in  line  with  the  live 
center,  for  parallel  turning,  or  out  of  line  with  the  live  center 
for  taper  turning. 

Fig.  49  shows  an  end  view  of  a  tailstock.  The  part  a  is 
fitted  to  the  lathe  bed.     The  part  b  is  fitted  accurately  to 

part  a  and  may  be  moved  toward  either 
the  front  or  the  back  of  the  lathe.  The 
part  b  is  moved  by  turning  the  adjust- 
ing screw  c  at  the  front.  When  it 
is  desired  to  turn  a  taper,  the  tailstock 
is  undamped  by  loosening  the  nut  d^ 
which  clamps  it  to  the  bed,  and  the 
dead  center  is  moved  out  of  line  an 
amount  that  has  been  previously  cal- 
pio.  49.  culated  or  found  by  trial  to  be  correct. 
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52.     Estlmatlne  tbe  Amount  of  Set-Over.  —  The 

amount  that  a  center  should  be  moved  to  turn  a.  given  taper 


£ 
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can  be  easily  calculated.     Suppose  it  is  desired  to  turn  a 
taper  J  inch  to  the  foot  on  the  piece  shown  in  Fig.  50,     This 
means  that  in  1  foot  length  the  differ- 
ence of  diameter  is  ^  inch,  and  since  the 
piece  is  1  foot  long,  it  will  be  necessary 
to  move  the  dead  center  out  of  line  and 
toward  the  front  of  the  machine  one- 
half  of  this   half  inch,  or   ^  inch.     It 
must  be  understood  in  turning  that  if 
we  take  a  cut  J  inch  deep,  we  reduce  S 
the  diameter  J  inch.     Moving  the  dead 
center  toward  the  tool  i  inch  is  equiva- 
lent to  taking  a  shaving  or  cut  i  inch 
deep.     The   amount   that    a   center  is 
set  out  of  line  may  easily  be  measured 

■  ^  ,  PIO.B1. 

by  moving   the   two    centers  close   to 
each  other  and  measuring  from  point  to  point  with  a  scale, 
as  in  Fig,  51,  or  by  means 
I  of  a  scale  on  the  tailstock, 
as  shown  in  Fig.  53. 

53.  Suppose  the  piece 
to  be  as  shown  in  Fig.  53. 
Here  the  taper  is  J  inch 
to  1  foot  and  the 'piece 
is  10  inches  long.  If  the 
^"■"^  piece  were  12  inches  long, 

it  could  at  once  be  estimated  that  the  center  should  be  set 
out  of  line  I  inch,  but  since  the  piece  is  less  than  13  inches 
long,  f  inch  would  not  be  correct,  as  it  would  turn  the 
taper  too  blunt.     We  must  here  reduce  the  taper  per  foot 
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to  taper   per  inch  by  dividing  by  12.      Dividing  f  by   12 

equals  }  X  t^i  =  A  =  it  *"^^  >  iV  ^"^^  ^^  ^^^  *^^^  ^^  there- 
fore equal  to  J  inch  to  the 
foot.  Multiplying  the  total 
length  of   the   piece   between 

centers  by  10,  ^V  X  1^  =  ii  = 
J  inch,  the  taper  in  a  piece 
10  inches  long.  Since  the  center  is  set  over  half  the 
amount  of  the  taper,  divide  f  by  2,  which  gives  -^  inch, 
the  amount  that  the  center  should  be  moved  out  of  line. 
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Fig.  54. 
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54.  Setting  by  Notclies. — ^When  the  taper  per  foot 
is  not  given  but  when  we  have  the  diameters,  with  the 
distance  between  them, 
another  method  may  be 
used.  Suppose  a  piece 
as  shown  in  Fig.  54  is 
to  be  finished.  Notches 
are  first  cut  in  the  stock, 
as  shown  at  a  and  ^,  Fig.  55.  The  dotted  lines  indicate  the 
shape  of  the  finished  piece.     One  notch  is  cut  ^  inch  from 

the  end,  until  the  di- 
ameter at  the  bottom  is 
1|  inches,  and  the  sec- 
ond notch  is  cut  3^ 
inches  from  the  first 
until  it  measures  ly\ 
inches  at  the  bottom. 
These  notches  define  the  taper,  and  from  these  diameters, 
measurements  are  taken  for  setting  the  lathe,  as  will  be 
shown  later. 

When  the  work  is  prepared,  it  is  put  between  the  center 
and  a  tool  held  in  the  tool  post,  the  same  as  for  turning. 
The  dead  center  is  moved  an  amount  estimated  by  judg- 
ment. The  tool  is  then  moved  opposite  one  notch  of  the 
work,  as  at  a,  Fig.  56,  and  the  distance  from  the  point  of 
the  tool  to  the  bottom  of  the  notch  is  measured.  The  tool 
and  carriage  are  then  moved  opposite  the  second  notch  ^, 
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and  the  same  measurement  taken.  If  the  measurements 
are  alike,  the  work  is  correctly  set;  if  not,  the  dead  center 
must  be  adjusted  until  they  are  the  same.  After  each  ad- 
justment of  the  tailstock,  the  work  must  be  measured  from 
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each  notch.  It  is  not  right  to  measure  with  the  tool  in 
position  a,  and  then  adjust  the  tailstock  until  the  measure- 
ment at  d  is  the  same,  for  it  will  be  seen  that  In  changing 
the  measurement  at  i  the  measurement  at  a  will  also 
change,  although  not  so  rapidly. 

Various  methods  are  employed  for  taking  the  measure- 
ments from  the  work  to  the  point  of  the  tool.  An  ordinary 
scale  or  a  pair  of  inside  calipers  may  be  used.  When  cal- 
ipers are  used,  it  is  better  to  use  the  butt  end  of  the  tool,  or 
some  flat  surface,  as  it  is  easier  to  measure  between  surfaces 
than  between  points. 


S5<  Caliper  Tool. — A  still  better  way  is  to  have  a 
special  caliper  tool,  as  shown  in  Fig.  57.  It  consists  of  a 
$hank  6  like  an  ordinary  lathe  tool,  to  the  end  of  which  is 
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.  pivoted  a  pointer/,  which  can  be  moved  like  the  leg  of  a 
caliper.  The  tool  is  clamped  to  the  tool  post  and  adjusted 
so  that  the  rivet  e  on  which  the  pointer  swings  is  at  the 
same  height  as  the  axis  of  the  work.  When  it  is  desired  to 
test  the  work,  the  pointer  is  brought  opposite  one  of  the 
notches  and  the  tool  is  adjusted  by  means  of  the  cross-feed 
screw  until  the  end  of  the  pointer  just  touches  the  work,  as 

'  shown.  The  nurled  knob  a  is  connected  with  the  pointer 
and  is  used  for  moving  it  in  calipering.  After  the  tool  is 
adjusted  for  one  position,  the  pointer  is  dropped  so  that  it 
can  be  moved  to  the  other  position,  where  it  will  at  once 
indicate  whether  the  work  is  correctly  set  or  not. 

56.  Settlns  by  Turnlns  Parallel  to  Two  Diam- 
eters.— Sometimes  tapered  work  is  set  by  turning  to  two 
diameters,  as  shown  in  Fig.  58,  the  work  being  turned  to 

^  ^     the  smallest  diameter 

tl ■■■*        jy       ■■    -      ►w    f    H 

nq    of  the  taper  up  to  its 

beginning,    and    then 

from  this  point  to  the 

head  of  the  taper  the 

work    is    turned    to 

the    largest    diameter 

of  the  taper,  as  shown.     After  this,  the  tool  may  be  set  to 

the  points  a  and  b^  as  in  the  case  of  setting  by  notches. 

This  method  has  the  advantage  that  a  large  portion  of  the 

stock  is  removed  while  the  work  is  between  centers  that 

are  in  line,  and  fits  the  centers  of  the  work  perfectly. 
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57.  Settlnfir  Wltli  a  Model  Piece.— When  a  model 
taper  has  been  furnished,  the  lathe  may  be  set  directly  from 
it.  The  model  is  put  between  the  lathe  centers,  and  the 
dead  center  is  adjusted  so  that  the  measurements  from 
the  point  of  a  tool  in  the  tool  post  to  the  taper  model 
remains  constant  as  the  carriage  and  tool  are  moved  along 
its  length.  When  close  measurements  are  desired,  the  tool, 
or,  better,  some  article  with  a  rounded  end,  is  brought  close 
to  the  model,  sa  that  it  loosely  pinches  a  piece  of  tissue 
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paper.  The  tool  and  the  paper  are  moved  along  the  length 
of  the  taper  and  tested  at  various  places  by  pulling  the 
paper.  If  the  paper  slips  between  the  tool  and  the  taper 
model  with  about  the  same  pull  at  all  places,  it  is  correct. 
While  this  method  of  turning  tapers  by  setting  over  the  tail- 
stock  is  a  very  common  one,  it  is  by  no  means  the  best, 
since  there  are  some  very  objectionable  features. 


OBJECTION  TO  BETTING  OVER  LATHE  CENTERS. 

58.  Wear  of  Centers. — Fig.  59  shows  a  section  through 
work  when  the  centers  are  set  out  considerably.  It  will  be 
seen  that  the  dead  center  touches  the  work  in  only  two 


Pio.  at. 
points.     Since  the  work  rotates  about  the  dead  center,  there 
is  a  tendency  to  wear  away  the  center  hole  and  the  lathe 
center.     Much  wear  would  result  in  a  shape  as  shown  in 
Fig.  60.     The  front  side  of  the  point  of  the  center  is  worn 
away  and  a  groove  formed  at  the 
back,  while  the  center  hole  is  worn 
into  a  bell  shape.     The  live  center 
revolves  with  the  work,   so  that 
the  wearing  action  between  it  and 
the  center  is  somewhat  different. 
On  the  dead  center  the  work  has 
a  rotating  motion,   while  on  the 

live  center  it  has  a  reciprocating  motion.  The  result  is 
that  the  live  center  is  worn  evenly  all  around,  and  the 
center  hole  is  worn  into  about  the  same  shape  as  the  dead- 
center  hole. 
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This  wear  on  the  center  holes  is  very  undesirable.  It 
makes  it  difficult  to  turn  a  true  taper,  and  if  a  part  of  the 
work  has  been  turned  true  and  parallel,  it  will  be  found  to 
run  untrue  on  the  worn  center  holes.  The  result  is  that 
after  a  tap)er  has  been  turned,  the  tapered  part  and  the  par- 
allel part  do  not  run  true  with  each  other.  Besides  this,  if 
the  lathe  centers  become  much  worn,  it  will  be  necessary  to 
grind  them  before  parallel  or  true  work  can  again  be  turned. 

59.  Different  Tapers  for  Different  L.en8rtlis  of 
Work* — ^When  it  is  desired  to  turn  the  same  taper  on  a 
number  of  pieces  of  different  lengths,  it  will  be  found  that 
the  center  must  be  adjusted  or  reset  for  each  length  of  work. 
When  the  lathe  is  adjusted  to  turn  a  given  taper  or  work  of 
a  particular  length,  it  will  be  found  that  if  the  work  is  a 
little  longer  or  shorter,  it  will  change  the  taper.  Suppose 
that  in  Fig.  61,  a  b  represents  the  line  of  lathe  centers  for 


Fig.  61. 

turning  parallel  work.     Assume  that  the  dead  center  is  set 
out  of  line  \  inch,  as  shown  by  the  line  c  d. 

Any  piece  that  may  be  turned  with  the  dead  center  thus 
set  will  have  a  difference  of  diameter  at  its  ends  of  \  inch. 
If  the  piece  be  I  inch  long,  so  that  the  dead  center  is  in 
position  Cy  the  taper  will  be  \  inch  to  the  inch.  If  the  piece 
be  2  inches  long,  so  that  the  dead  center  is  in  position/", 
the  taper  will  be  ^  inch  to  2  inches,  or  \  inch  to  the  inch. 
If  the  piece  is  3  inches  long,  so  that  the  dead  center  is  in 
position  g^  the  taper  will  be  \  inch  to  3  inches,  or  2  inches 
to  the  foot.  These  three  tapers  may  be  compared  by  refer- 
ence to  the  outlines.  It  is  evident  that  any  slight  difference 
in  the  distances  between  centers  in  turning  two  pieces  of 
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work  will  make  a  difference  of  taper  that  can  readily  be 
detected  when  fitting  work.  If,  in  two  pieces  of  the  same 
length,  one  is  centered  and  reamed  with  much  deeper  center 
holes  than  the  other,  it  will  allow  the  lathe  centers  to  come 
closer  together.  This  will  cause  a  slight  error.  In  es- 
timating the  amount  that  a  dead  center  should  be  set  over, 
as  previously  described,  this  error  is  often  neglected,  as  the 
work  is  usually  tested  before  the  finishing  cut  is  taken,  and 
any  slight  error  is  corrected. 

60.  Amount  of  Taper  Possible. — Th6  amount  of 
taper  that  can  be  turned  between  centers  by  setting  over 
the  center  is  limited  by  the  total  length  of  work  and  the 
amount  of  adjustment  possible  in  the  tailstock.  Suppose  the 
greatest  amount  of  "set-over"  in  the  tailstock  is  2  inches. 
This  will  make  a  difference  of  diameter  at  the  ends  of  the 
work  of  4  inches.  If  we  should  wish  to  turn  a  taper  of  1  inch 
to  the  footy  the  greatest  length  of  shaft  on  which  we  could 
turn  it  is  4  feet,  and  if  the  shaft  or  work  should  be  longer 
than  this,  it  would  be  necessary  to  use  some  other  method 
of  turning  the  taper. 


TAPER  ATTACHMBNT. 

61  •  Principle  of  Taper  Attaclinient. — ^Very  many 
of  the  objections  that  arise  in  taper  turning  due  to  the  set- 
ting of  the  dead  center  are  eliminated  by  the  use  of  the 
taper  attachment.  The  principle  is  simple.  It  consists 
primarily  of  a  guide  bar  supported  by  brackets  on  the  back 
of  the  lathe.  This  bar  so  controls  the  movement  of  the  cut- 
ting tool  that  as  it  is  fed  along  the  bed  it  is  made  to  advance 
or  recede  from  the  work. 

Fig.  62  shows  a  taper  attachment  applied  to  a  lathe  as 
seen  from  the  back.  This  particular  carriage  is  fitted  with 
a  taper  attachment  and  a  compound  rest  k^  a  device  also 
used  for  turning  tapers.  The  peculiarity  of  this  carriage 
for  the  taper  attachment  is  that  it  requires  an  extra  slide. 

4^—18 
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62.     Description. — Fig.  63  shows  a  side  elevation  of  a 
carriage  with  this  form  of  taper  attachment.     The  saddle  a 


IS  fitted  to  the  V's  of  the  bed  and  to  the  apron, 


ordinary  carriage.     To  this  is  fitted  the  extra  cross-slide  b, 
which  projects  at  the  back  and  is  connected  with  a  bolt  cand 
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shoe  s  to  the  guide  bar  ^,  The  cross-feed  screw  is  attached 
at  the  front  end  of  the  slide  d,  and  operates  the  tool  block  r, 
which  is  fitted  so  as  to  slide  upon  part  i.  When  the  cross- 
feed  screw  is  turned,  the  tool  moves  as  in  the  ordinary  car- 
riage. When  part  6  moves,  it  carries  the  tool  with  it.  The 
movement  of  part  6  and,  consequently,  the  movement  of  the 
tool,  is  controlled  by  the  angularity  of  bar  ^.  If  this  bar 
is  set  parallel  to  the  V's  of  the  lathe  bed,  there  will  be  no 
motion  of  part  6  across  the  lathe  and  the  tool  will  turn  the 
work  parallel.  Suppose  this  guide  bar  to  be  2  feet  long  and 
pivoted  in  the  center.  If  the  bar  be  turned  at  such  an  angle 
that  the  ends  are  out  of  line  J  inch,  and  the  carriage  be 
moved  along  from  the  center  of  the  bar  to  the  end,  then  the 
part  6  and  the  tool  will  be  moved  across  the  lathe  bed  ^  inch. 
This  will  be  equivalent  to  setting  over  the  center  ^  inch, 
which  on  a  piece  1  foot  long  would  turn  a  taper  of  i  inch  to 
the  foot.  If  the  carriage  moved  the  whole  length  of  the 
bar,  or  2  feet,  the  tool  would  move  across  the  lathe  bed 
^  inch,  which  would  give  a  taper  of  ^  inch  in  2  feet,  which 
is  the  same  as  before.  It  will  be  seen  from  this  that  when 
the  attachment  is  once  set,  it  will  turn  the  same  taper  on 
pieces  of  any  length. 

63«  Adjusting  to  Turn  a  Given  Taper. — In  adjust* 
ing  this  style  of  taper  attachment,  the  scale  shown  at*  the 
end  of  the  bar  ^,  Fig.  62,  is  used.  A  line  at  the  center 
marked  o  indicates  the  mid-position,  when  the  bar  is  par- 
allel with  the  lathe  bed  V*s.  The  scale  indicates  taper  in 
eighths  of  an  inch  to  the  foot,  so  if  a  taper  of  i  inch  to  the 
foot  is  desired,  the  clamping  bolts  (not  shown)  that  pass  up 
through  the  slots  in  the  end  brackets  are  loosened  and  the 
adjusting  screw  d  is  turned  until  the  pointer  on  the  bar 
has  moved  over  four  marks.  The  bar  is  then  clamped  in 
place  and  all  is  ready  to  proceed  with  the  cut.  When  the 
lathe  is  used  for  ordinary  parallel  work,  the  taper  attach- 
ment is  usually  disconnected  by  removing  the  screw  e  from 
the  block  s,  and  the  part  b  is  clamped  in  its  slide  by  tighten- 
ing the  setscrewsyon  the  side. 
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64*  Advantasres. — The  advantages  of  the  taper  attach- 
ment are  apparent.  By  keeping  the  lathe  centers  in  line 
while  turning,  the  work  centers  do  not  wear  untrue,  the 


Fig.  64. 


lathe  centers  are  not  subject  to  undue  wear,  and  are  con- 
stantly in  line  when  a  change  is  made  from  taper  to  straight 
work.  When  these  attachments  become  much  worn,  there 
may  be  some  lost  motion  in  the  parts.     This  will  cause  the 
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lathe  to  turn  parallel  for  a  short  distance  on  the  end,  until 
the  lost  motion  is  taken  up.  This  trouble  can  easily  be  over- 
come by  starting  the  cut  far  enough  beyond  the  end  of  the 
work  so  that  by  the  time  the  carriage  and  tool  have  fed  up 
to  the  work,  all  the  lost  motion  has  been  taken  up.  In  prac- 
tice this  movement  of  the  tool  and  carriage  is  made  by  hand 
to  save  time. 


SPECIAL  TAPBR-TURNING  LATHB. 

©5.  A  more  perfect  arrangement  for  taper  turning  is 
found  in  lathes  specially  designed  for  this  purpose.  Such  a 
machine  is  represented  in  plan  and  elevation  in  Fig.  64.  In 
this  machine,  the  headstock  and  tailstock  are  fitted  to  the 
V's  of  a  plate  or  secondary  bed.  This  plate  is  fitted  to  the 
main  bed  by  being  pivoted  in  the  center  in  such  a  manner 
that  it  may  be  set  at  an  angle  with  the  V*s  of  the  main  bed 
on  which  the  carriage  runs.  This  secondary  bed  is  set  by 
means  of  a  scale  at  the  end,  in  much  the  same  manner  as 
the  guide  bar  of  the  taper  attachment. 

While  it  may  at  first  appear  that  the  taper  is*produced  by 
setting  over  both  headstock  and  tailstock,  it  is  quite  differ- 
ent from  the  method  first  described.  In  this  style  of  ma- 
chine, the  axes  of  the  headstock  and  tailstock  spindles  are 
always  in  line,  so  that  all  the  desirable  features  found  in  the 
taper  attachment  are  found  here,  while  the  trouble  due  to 
lost  motion  in  the  parts  is  avoided. 


TURNING  TAPBR  H^ITH  A  COMPOUND  RB8T. 

66.  Use  of  Compound  Rest. — When  the  taper  is  very 
abrupt,  such  as  1  inch  to  the  inch,  it  can  best  be  turned  by 
means  of  the  compound  rest.  Such  a  rest  is  very  clearly 
shown  in  Fig  62.  It  consists  of  an  extra  slide  for  carrying 
the  tool  block,  which  is  mounted  in  the  place  of  the  tool 
block  on  the  ordinary  saddle.  This  extra  slide  rests  on  a 
circular  base  and  can  be  rotated  and  set  so  that  the  motion 
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of  the  tool  block  may  be  in  a  line  at  any  angle  with  the 
regular  cross-feed. 

In  Fig.  62,  the  usual  cross-slide  is  operated  by  means  of 
the  handle  A,  while  the  compound  slide  is  operated  by  the 
handle/. 

67.  Setting  ttie  Compound  Rest. — The  base  of  the 
compound  rest  is  usually  graduated  with  degrees,  so  that  it 
may  easily  be  set  at  any  desired  angle.  When  the  angle  in 
degrees  of  a  taper  is  not  known,  it  may  be  found  by  making 
a  drawing  of  the  work. 

68.  Example  of  Turning  Wltti  Compound  Rest. — 

Suppose  it  is  desired  to  turn  the  piece  as  shown  in  Fig.  65. 

If  the  drawing  has  been 
accurately  made,  the  angle 
may  be  measured  with  a 
bevel  protractor ;  if  only  a 
sketch  with  dimensions  is 
given,  the  angle  may  be 
laid  off  as  follows:  Draw 
two  lines  a  b  and  c  d,  Fig.  66, 
at  right  angles  to  each 
other,  intersecting  at  o. 
On  a  b  lay  off  from  o  a  dis- 
tance 8  inches,  equal  to 
the  distance  between  the 

given  diameters.     On  c  d  lay  off  7  inches,  equal  to  half  the 

difference  of  diameters,  or  equal 

to  the  difference  of  radii.     Draw 

a  line  through  these  two  points. 

If  a   protractor   is   at   hand,  the 

angles  may  be  measured ;  if  not, 

a    bevel    may    be    set    equal    to 

angle  y.      With    the    bevel,    the 

compound  rest  may  be  set  at  the 

proper  angle  by  using  it  as  shown 

in    Fig.    67.      The    beam   of    the 

bevel  is  held  against  the  face  plate  while  the  compound 
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Fig.  66. 
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rest  is  swung  to  the  angle  indicated  by  the  blade  of  the 
bevel.  This  method  of  setting  the  compound  rest  is  also 
used  when  boring  tapered  holes. 


TURNING  TAPBB  BY   USB  OF  TWO  FEED-MOTIONS. 

69.  Another  method  of  turning  tapers  is  to  use  the  two 
feeds  at  once.  The  longitudinal  feed  is  thrown  in  and  the 
tool  may  be  fed  by  hand.  Sometimes  the  two  feeds  may  be 
worked  automatically,  but  the  method  is  not  generally  used, 
as  it  is  difficult  to  proportion  the  rates  of  feeds  to  turn  a 
correct  taper. 


POSITION   OF  TOOL. 

70.  Geaeral  Dlrectlans. — The  operation  of  turning 
a  taper  after  the  machine  has  been  set  is  similar  to  that  of 
turning  a  plain  cylinder.  The  difference  will  be  found  in' 
the  shape  of  the  tool  and  in  the  manner  of  setting  it.  This 
latter  exception  is  of  sufficient  importance  to  warrant  the 
statement  of  the  following  rule:        ^ 

71.  Settlnic  the  Tool. — In  setting  a  tool  for  turning 
a  taper,  tkc  point  of  the  tool  should  be  at  the  same  height  as 
the  axis  of  the  work. 
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Since  the  position  of  the  tool  is  fixed  at  a  given  height  in 
taper  turning,  the  tool  should  be  forged  with  little  front 
rake  or  clearance,  keenness  being  given  by  increasing  its  top 
rake.  If  the  tool  is  set  above  the  center,  it  will  make  the 
large  end  of  the  work  too  small.     It  will  also  make  the  sides 
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of  the  taper  curved,  as  shown  by  the  dotted  lines  h  ij  in 
Fig.  68.  Suppose  that  we  have  turned  a  taper,  as  shown  by 
the  full  lines,  with  the  tool  correctly  set  at  the  center.  The 
line  a  b  represents  the  path  of  the  point  of  the  tool,  and  is 
equal  to  the  length  of  the  piece.  The  line  a'  b*  also  shows 
the  path  of  the  point  of  the  tool  and  represents  exactly  the 
amount  that  the  tool  recedes  from  the  axis  of  the  work  in 
traveling  along  its  length.  With  the  machine  once  set, 
these  conditions  of  tool  travel  will  be  repeated  whether  the 
tool  is  set  high  or  low. 

72.  Suppose  that  the  tool  is  set  much  above  the  center, 
as  at  r,  and  adjusted  to  cut  the  same  diameter  at  the  small 
end  as  before.  The  path  of  the  tool  will  then  be  along  the 
line  c  d,  equal  to  a  b.  When  the  tool  has  reached  the  point  d, 
it  will  also  have  moved^along  the  line  c'  d'  to  the  point  d\  a 
distance  equal  to  a'  b\  A  circle  drawn  through  d'  repre- 
sents the  diameter  that  the  tool  is  turning  when  it  leaves 
the  work  at  d.     This  will  be  seen  to  be  somewhat  smaller 
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than  the  correct  diameter  obtained  when  the  tool  is  properly 
set.  In  the  same  manner  we  may  find  the  exact  diameter 
that  the  tool  may  be  turning  at  any  point  along  the  taper. 
Suppose  we  wish  to  find  the  diameter  that  the  tool  will 
turn  in  the  middle  of  the  piece  when  the  tool  is  set  above 
the  center  and  follows  the  path  cd.  Divide  the  line  c^  d'  in 
halves,  which  will  give  the  point  k\  Describe  a  circle 
about  the  center  through  this  point,  and  it  will  indicate  the 
diameter  at  this  point.  This  diameter  may  be  transferred 
to  the  side  elevation  by  dividing  the  line  cdm  halves  and 
erecting  a  perpendicular  ^y*at  the  dividing  point.  With  ol^ 
as  a  radius,  lay  off  points  i  on  the  line  efy  each  side  of  the 
center  line  a  b.  These  points  will  be  found  to  fall  inside  the 
true  taper.  In  like  manner,  points  may  be  found  at  any 
place  along  the  length  of  the  work,  and  they  will  al^  fall 
inside  the  true  taper.  If  a  line  be  drawn  through  these 
points,  it  will  represent  the  curve  to  which  the  work  will  be 
turned. 


FITTING   THB  TAPKR. 

73.  Methods  of  Testlns:. — After  the  roughing  cut 
has  been  taken  on  a  tapered  piece,  and  before  it  is  near  the 
finished  size,  it  should  be  tested  in  the  piece  it  is  intended 
to  fit.  The  taper  is  carefully  placed  in  the  tapered  hole, 
and  first  tested  by  the  sense  of  feeling.  If  one  end  is  much 
too  small,  as  at  r.  Fig.  69, 
it  can  be  detected  by  rock- 
ing the  work  in  the  hole.  WM-^^--y'M^MM?' 
The  plug  will  just  fill  the 
hole  at  the  end  a,  and  while 
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the   imperfect   fit   cannot 

be  seen,  it  can  easily  be 

felt.      In    this    particular 

case,   the   indications  are 

that  the  dead  center  was  moved  too  far  out  of  line.    It  should 

be  moved  back  a  very  slight  amount  and  another  cut  taken 

over  the  work.     After  this  cut,  the  work  should  again  be 
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tested,  and  if  there  is  no  perceptible  wabble,  the  fit  may  be 
tested  still  more  closely  by  drawing  three  chalk  lines  along 
its  length.  The  work  is  then  placed  in  the  hole  and  given  a 
turn  or  two  in  a  direction  opposite  the  motion  it  had  in  the 
lathe.  Upon  removing  the  work,  it  will  be  seen  that  the 
chalk  has  rubbed  off  and  is  black  at  one  end  or  the  other, 
depending  on  which  end  was  too  large.  In  this  way  the 
work  is  tested  and  the  lathe  adjusted  until  the  fit  is  satis- 
factory. 

74.  It  should  be  observed  that  the  work  is  tested  and 
the  machine  accurately  adjusted  before  the  piece  is  turned 
to  size.  If  the  machine  should  be  incorrectly  set,  and  the 
piece  at  once  turned  to  size  at  the  small  end,  it  might  be 
found  that  the  work  was  too  small  at  the  large  end,  and  for 
this  mistake  there  would  be  no  remedy.  In  most  cases  it 
will  be  found  that  tapers  must  fit  the  hole  exactly  and  go  in 
a  certain  distance,  up  to  a  shoulder,  as  at  ^,  or  until  the 
end  c  just  comes  through.  If  the  taper  is  turned  too  small, 
even  though  it  is  a  correct  taper,  it  will  allow  the  work  to 
go  in  too  far,  which,  in  many  cases,  is  as  bad  as  an  incorrect 
fit.  In  practice,  the  plug  is  left  slightly  large,  so  that  it 
does  not  go  in  quite  the  desired  amount.  The  final  fitting 
is  usually  done  by  filing,  or  by  grinding  on  a  grinding 
machine,  the  filing  or  grinding  being  just  enough  to  remove 
the  tool  marks.  In  fine  fitting,  the  thickness  of  a  chalk  line 
is  sufficient  to  make  an  error  of  some  importance,  so  a  sub- 
stitute is  used.  One-half  of  the  tapered  piece  along  its 
length  is  coated  with  a  very  thin  coat  of  Prussian-blue 
marking,  ^it  being  applied  with  the  finger  and  nearly  all 
rubbed  off,  so  that  there  is  just  enough  left  to  give  it  color. 
The  work  is  then  tested  in  the  hole  or  gauge  and  given  a 
turn.  If  the  marking  is  evenly  distributed  about  the  piece, 
it  indicates  a  perfect  bearing;  but  if  it  is  rubbed  off  at  one 
place  only,  it  shows  that  it  is  too  large  at  that  point. 


LATHE  WORK. 

(PART   2.) 

BORING   IN  THE  LATHE. 

1.  Definition. — The  operation  of  turning  or  producing 
internally  true  cylindrical  or  conical  surfaces  is  known  as 
boring.  This  operation  is  performed  by  causing  the  work 
to  turn  upon  its  axis  while  held  in  a  chuck  or  bolted  to  a 
face  plate,  the  tool  being  fixed  in  the  lathe  carriage;  or,  by 
fixing  the  work  securely  to  the  carriage,  while  the  tool 
revolves  upon  a  bar  placed  between  the  lathe  centers, 

HOLDING  THE  "WORK. 


CHUCKS. 

2.  General  Considerations.  —  Small  regular  work 
may  best  be  held  in  the  lathe  chuck.  The  lathe  chuck  in 
principle  consists  of  a 
heavy  cast-iron  disk 
which  is  screwed  to 
the  nose  of  the  lathe 
spindle  in  place  of  the 
face  plate.  Radial 
slots  are  cut  in  its 
face,  in  which  the  jaws 
elide,  these  jaws  being 

operated  by  means  of  Fio  l 
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screws  or  by  a  scroll.     Fig.  1  shows  a  common  form  of  lathe 
chuck.     Fig.  2  shows  a  section  of  the  same  chuck  with  one 

jaw  and  its  screw  re- 
moved and  placed 
above  the  chuck. 
These  lathe  chucks 
are  made  as  large  as 
3  feet  in  diameter. 
Work  that  would  re- 
quire the  use  of  very 
large  chucks  may  be 
better  operated  upon  by  fastening  or  bolting  it  to  the  face 
plate  of  the  lathe. 

Chucks  are  made  with  two,  three,  or  four  jaws.  Chucks 
similar  to  those  shown  in  Fig.  2  may  have  the  jaws  reversed 
by  unscrewing  and  putting  them  in  in  reversed  position. 

3.  Classification  of  Ctiucks. — Chucks  are  classed  as 
independent^  combination ^  or.  universal  chucks.  Indepen- 
dent chucks  are  so  arranged  that  each  jaw  is  moved  with 
an  adjusting  screw  independent  of  the  other  jaws.  Uni- 
versal chucks  are  so  constructed  that  when  one  jaw  moves, 
the  others  move  in  the  same  direction  a  corresponding 
distance.  Combination  chucks  are  so  constructed  that  they 
may  be  used  either  as  independent  or  as  universal  chucks. 

A.  Universal  and  Combination  Cbucks. — Fig.  3 
shows  a  combination  cbuck  with  a  partial  section  moved 
from  the  back.  A  pinion  a  is  cut  on  each  adjusting  screw, 
and  these  pinions  engage  with  a  circular  rack  b  in  the  back 
of  the  chuck.  When  one  adjusting  screw  is  turned,  the  rack 
is  rotated  and  each  screw  is  turned  an  equal  amount,  thus 
moving  each  jaw  a  corresponding  distance.  To  make  this 
chuck  independent,  the  rack  must  be  lifted  out  of  mesh  with 
the  pinions  on  the  screws.  The  ring  c  rests  against  the 
back  of  the  rack  b  and  cams  d  project  from  the  back  of  this 
rinij.  When  the  ring  is  partially  rotated  by  means  of  the 
knob  r,  the  cams  </  drop  into  pockets,  thus  allowing  the  ring 
and  the  rack  to  move  away  from  the  pinions  sufficiently  to 
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disengage.     When  this  is  done,  each   screw  is  disengaged 
and  the  chuck  is  la  dependent.     When  the  ring  is  partly 
rotated  in  the  opposite  direction,  the  cams  lift  the  ring  and 
rack  so  that  the  latter  again  engages  the  pinions,  and  the 
chuck  is  again  univer- 
sal.    After    using    a 
combination    chuck   as 
an   independent   chuck 
for  irregular  work,  the 
jaws  will  be  out  of  true. 
To  set  the  jaws   true, 
adjust  each  to  a  circle 
that  is  drawn  upon  the 
face  of  the  chuck,  and 

then  throw  the  rack  into  '''  *■ 

gear.  Combination  chucks  can  be  used  to  good  advantage 
for  some  classes  of  irregular  work.  The  chuck  is  made 
independent,  and  after  the  work  is  once  set  true,  the  combi- 
nation can  be  thrown  in.  When  the  work  is  removed,  the 
jaws  will  all  open  together,  occupying  a  relative  position.  If 
the  next  piece  of  work  is  set  in  the  chuck  in  the  same  posi- 
tion in  relation  to  the  jaws  as  the  first,  the  jaws  can  be 
tightened  and  the  work  will  run  true  the  same  as  the  pre- 
vious piece.  A  universal  chuck  may  be  constructed  like  the 
one  shown  in  Fig.  3  with  the  ring  c  left  out  and  the  rack  b 
in  contact  with  the  gears,  or  the  jaws  may  be  moved  by  a 
scroll  which  is  a  flat  disk  with  a  spiral  groove  cut  in  it. 

5.  Independent  Chucks. — In  this  style  of  chuck,  the 
jaws  can  be  set  to  accommodate  any  irregular  shapes.  When 
it  is  necessary  to  use  an  independent  chuck  on  work  of 
a  regular  shape,  the  difficulty  of  carefully  centering  each 
piece  may  be  avoided  by  marking  two  jaws  of  the  chuck  (in 
the  case  of  a  four-jaw  chuck)  after  the  first  piece  has  been 
placed  in  position.  When  the  piece  is  finished,  it  can  be 
removed  by  loosening  the  marked  jaws,  the  succeeding 
piece  placed  in  position,  and  the  marked  jaws  tightened. 
This  will  insure  the  second  piece  being  properly  set.     This 
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operation  may  be  repeated  for  any  number  of  pieces  that 
are  alike.  By  this  device,  the  one  great  objection  to  the 
use  of  the  independent  chuck  is  overcome,  and  work  may 
be  centered  almost  as  quickly  as  in  the  universal  chuck. 

6.  Advantas^B  of  ttie  Different  Classes. — Inde- 
pendent chucks  are  generally  stronger  and  better  adapted 
to  irregular  forms  of  work  than  either  of  the  other  types. 

Universal  chucks  are  best  adapted  to  regular  work;  they 
save  much  time  because  of  the  ease  and  rapidity  with  which 
the  work  may  be  centered. 

Combination  chucks  answer  for  both  purposes,  but  require 
a  little  more  care  to  keep  them  in  proper  condition. 


USB  OF  CHUCKS. 

7.  Selection  of  Cbuck  for  Work. — If  the  hole  is  to 
be  bored  concentric  with  the  outside  of  the  work,  the  uni- 
versal chuck  can  be  used.  If  the  work  does  not  run  satis- 
factorily, it  can  be  partly  turned  around  in  the  chuck  and 
tried  in  various  positions.  If  this  is  not  sufficient  to  make 
the  part  to  be  bored  run  sufficiently  true,  pieces  of  paper  or 
brass  can  be  placed  between  a  jaw  of  the  chuck  and  the 
work.  When  this  amount  of  trouble  is  necessary,  an  inde- 
pendent chuck  would  be  the  better  one  to  use. 

8.  Setting  Work  in  an  Independent  Chuck. — To 

set  a  piece  in  an  independent  chuck,  if  the  work  is  at  all 
heavy,  it  can  be  held  against  the  chuck  by  using  a  block  of 
wood  between  the  work  and  the  dead  center,  as  shown  in 
Fig.  4.  This  will  hold  the  work  from  falling  out  while  the 
jaws  are  being  adjusted.  The  jaws  are  tightened  enough  to 
hold  the  work^  The  lathe  is  started  at  a  moderately  fast 
speed  and  the  work  tested  by  holding  chalk  against  the  side 
of  the  work.  If  the  work  is  untrue,  the  chalk  will  touch  only  on 
the  high  side.  This  indicates  that  the  work  should  be  moved. 
If  the  chalk  touches  the  work  as  shown  by  the  line  ab^  it 
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would  indicate  that  the  jaw  opposite  jaw  1  should  be  loosened 
and  jaw  1  tightened,  thus  moving  the  work  across  the  face 


of  the  chuck.  If  the  chalk  touches  between  the  two  jaws, 
then  the  two  oppositejaws  must  be  loosened  and  the  two  front 
ones  tightened  a  corresponding  amount.  The  amount  that 
each  jaw  is  moved  should  be  observed,  as  it  will  help  to  de- 
termine the  amount  of  subsequent  movements.  When  the 
work  is  to  be  turned  or  faced  on  a  number 
of  faces,  each  face  should  be  considered  in 
setting  the  work  before  beginning  to  turn 
any  one  face.  For  example,  take  the  cone 
pulley.  Fig.  5,  Here  the  hole  must  be  bored 
true,  and  the  inside  and  outside  of  the  cone 
bored  and  turned.  If  the  casting  is  perfectly 
true,  the  work  may  be  set  by  any  one  face 
and  the  others  will  naturally  run  true,  but 
this  is   not   apt   to   be   the  case.     All   parts  pio-B. 

should  be  tested  to  see  if  there  is  enough  stock,  and  to  see 
if  the  faces  run  true  enough  to  turn  to  size. 

9.  Example  of  Chucking. — Suppose  a  disk,  as  shown 
in  Fig.  6  {a),  with  a  hole  cored  very  much  to  one  side,  is  to 
be  bored  and  turned  to  a  given  size.  If  set  in  the  chuck  so 
that  the  outside  runs  perfectly  true,  the  cored  hole  would 
be  so  out  of  true  that  it  could  not  be  finished.  If  the  cored 
hole  is  set  to  run  true,  then  the  outside  could  not  be  finished 
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all  over.  In  such  a  case,  the  work  should  be  so  set  that  both 
the  outside  and  the  cored  hole  run  out  of  true.  By  thus 
dividing  up  the  eccentricity,  it  will  be  found  that  the  worlr 


(•) 
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can  be  finished  all  over  to  the  desired  size,  as  shown  by  ttur 
dotted  lines,  Fig.  6  (b). 

10«     Spring  of  Work  From  Pressure  of  Jaw^s.— ' 

When  the  work  is  light  or  frail,  there  is  much  danger  of 

springing  because  of 
the  pressure  of  the  jaws 
necessary  to  hold  tho 
piece.  In  chucking  a 
piece,  advantage  should 
be  taken  of  the  shape  of 
the  work  in  order  to 
have  the  jaws  of  the 
chuck  come  against  the 
more  solid  parts.  For 
example,  in  chucking  a 
pulley,  it  should  be  so 
set  that  the  jaws  come 
opposite  the  arms  of  the 
pulley.  Suppose  that  a 
ring  is  held  in  the  chuck,  as  shown  in  Fig.  7.  When  the  jaws 
are  tightened,  the  work  is  sprung  opposite  each  jaw.  If  a  cut 
is  taken,  the  work  will  be  bored  true  and  round  while  under 
pressure  of  the  jaws.     When  this  pressure  is  removed,  it 
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will  be  found  that  the  work  will  no  longer  be  true  but  will 

spring  back  to  its  normal  shape.     This  will  cause  the  work 

to  be  untrue,  as  shown  in  Fig.  8,  the  dotted  lines  indicating 

the   true   circle.      In   such 

cases,  the  jaws  of  the  chuck 

should  be  loosened  before 

taking  the  finishing  cut,  so 

that  the  pressure  will   be 

just  sufficient  to  hold  the 

work. 


1 


11.  Care  of  Lattie 
Ctiucks.  —  Lathe  chucks 
should  be  treated  with  care, 
especially  universal  chucks, 
since  their  value  depends  in 
many  cases  on  their  ability  ^®*  ^ 

to  hold  the  work  true.  When  these  chucks  are  abused  by 
hammering  or  by  unduly  heavy  strains,  they  become  sprung 
and  thus  lose  their  characteristic  value.  In  putting  a  chuck 
on  the  lathe,  it  should  be  held  carefully  against  the  nose  of 
the  spindle  while  the  lathe  is  turned  by  hand.  It  is  not 
good  practice  to  start  the  lathe  by  power  and  hold  the  chuck 
against  the  spindle,  expecting  the  thread  in  the  chuck  to 
catch  squarely  on  the  lathe ;  neither  is  it  good  practice  to 
let  the  spindle  screw  into  the  chuck  up  to  the  thread  with  a 
bang.  This  often  causes  the  chuck  to  stick  so  tightly  to  t&e 
spindle  that  it  becomes  quite  difficult  to  remove  it.  When 
the  chuck  does  stick  on  the  spindle,  it  may  be  loosened  by 
running  the  lathe  backwards  at  the  slowest  speed  and  in- 
serting a  block  of  wood  between  the  jaw  of  the  chuck  and 
the  lathe  bed. 


8PBC1AL  CHUCKS. 

12.  Some  work  is  of  such  shape  that  the  ordinary  lathe 
chuck  will  not  hold  it  with  sufficient  rigidity  to  take  heavy 
cuts.     In  this  case,  special  chucks  may  be  made,  when 


d 


LATHE  WORK. 


§4 


there  are  enough  pieces  to  be  turned  to  warrant  the  cost. 

For  example,  the  cone  pulley  shown  in  Fig.  5  may  best  be 

held  in  a  special  chuck.  Such 
a  chuck  is  shown  in  Fig.  9. 
^^  This  chuck  consists  of  a  bell- 
shaped  casting  a^  which  is 
fitted  to  the  spindle  b  of  the 
lathe.  The  outer  end  is  bored 
to  receive  the  work  c^  which 
IS  held  in  place  by  setscrews  d 
at  the  sides.  This  form  of 
chuck  holds  the  work  with 
great  rigidity  and  makes  pos- 
sible the  taking  of  heavy  cuts 
that   could   not  otherwise  be 

accomplished.    For  special  work,  other  forms  of  chucks  may 

be  devised  that  depend  on  the  shape  of  the  work. 
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CHUCKING  ON  THB   FACB  PLATB. 

13.  U»e  of  Face  Plate. — When  the  work  is  large  or 
heavy,  or  for  other  reasons  cannot  be  held  in  the  chuck,  it 
may  be  fastened  to  the  face  plate  by  means  of  special  blocks, 
bolts,  or  strips  used  for  that  purpose.  It  is  essential  in  set- 
ting work  on  the  face  plate  that  it  is  secured  firmly,  so  that 
it  will  not  slip  or  change  its  position  because  of  its  weight 
or  the  pressure  of  the  tool. 

14«      Adjustable     Jaws    for    Face     Plates.  —  For 

securing  work  upon  the  face  plate,  and  in  order  to  enable 
the  operator  to  successively  chuck  similar  pieces  with  the 
least  amount  of  labor,  adjustable  jaws  are  frequently 
clamped  on  the  face  plate.  These  adjustable  jaws  usually 
consist  of  a  block,  as  a^  Fig.  10,  in  which  jaws  b  work.  The 
blocks  are  clamped  to  the  face  plate  by  means  of  T  bolts  c. 
This  really  makes  a  special  form  of  chuck  of  the  face  plate. 
A  face  plate  fitted  with  these  adjustable  jaws  is  shown  in 
Fig.   11.     The  jaws  have  the  advantage  that  they  can  be 
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placed  evenly,  as  shown,  or  they  can  be  arranged  unevenly 
to  accommodate  irregular  work,  either  placing  some  of  the 
jaws  nearer  the  center  than  others  or  spacing  them  irregu- 


larly in  the  different  slots  in  the  face  plate.  The  entire 
piece  that  is  attached  to  the  face  plate  is  usually  called  a 
jaw,  but  in  reality  only  the  portion  b  is  the  jaw,  and  these 


^ 


pieces  b  may  be  made  reversible,  thus  giving  a  greater  range 
of  work  that  can  be  held  by  this  device. 

In  some  cases,  a  more  simple  form  of  jaw  may  be  used. 
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as  shown  in  Fig.  12.  These  consist  of  castings  s  bolted  to 
the  face  plate  and  provided  with  setscrews  r  for  securing 
the  work.  The  shoulder  below  the  points  of  the  setscrew 
should  be  turned  off  so  that  the  dimension  a  is  equal  on  all 
of  them.  This  will  enable  the  operator  to  place  work  against 
these  shoulders  during  chucking. 

1 6.  Bxample  of  Clamplnfi:  Regular  Work. — Fig.  13 
illustrates  a  very  simple  method  of  clamping  a  large  flange 
to  a  face  plate  when  it  is  only  desired  to  bore  the  hole  in 
the  center  of  the  flange  and  to  face  the  hub  /,  the  surface  r 
being  left  rough.  This  method  will  do  very  well  where  the 
back  face  of  the  flange  may  be  clamped  directly  to  the  face 
plate  or  on  parallel  blocks,  and  where  but  a  single  hub  is  to  be 
operated  upon.  If  it  becomes  necessary  either  to  face  the 
surface  r  or  to  operate  upon  a  number  of  pieces,  it  is  best  to 
use  jaws  similar  to  those  illustrated  in  Figs.  11  and  12. 


Pig.  18. 
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16«  Clamplnfi:  a  Rocker- Arm. — When  it  is  desired 
to  clamp  a  rocker-arm  similar  to  the  one  shown  in  Fig.  14, 
this  may  be  accomplished  by  using  three  chucking-block 
jaws  similar  to  those  shown  in  Fig.  12.     These  are  placed 
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at  c,  c  and  bear  agaiast  three  sides  of  the  large  hub  of  the 

rocker-arm.      The  work  is  held  securely  against   the  face 

plate  by  means  of  the  two  clamps  d,  d,  as  shown  in  Fig.  14, 

Fig,  15  is  a  section  on  the  Hne  a  b,  Fig.  14,  and  shows  the 

arrangement   of   the   clamps  and   blocking;   e  is  the  arm, 

d,  d  are  the  clamps,  g,  g  the  blocks,  and  /,  /  the  bolts. 

Care  should  be  taken  to  see  that  the  blocks  g  are  of  exactly 

the  height  of  the  work,  so  that  the 

clamps  (/will  set  level  or  parallel  to 

the  face  plate.     The  bolts  /  should 

be  placed  as  close  to  the  work   as 

possible.     If  much  strain  is  brought 

upon  the  work  e  by  the  clamps  </,  it 

is  evident  that  there  will  be  danger 

of  springing   the  arm    between    its 

hubs  or  bosses.     To  overcome  this, 

a  block  may  be  fitted  under  the  arm, 

or  a  planer  jack  j  may  be  adjusted 

under  the  arm,  as  shown  in  Fig,  16. 

In  order  to  balance  the  portion  of 

the    rocker-arm    extending    to    one 

side  of  the  center  and  the  clamps 

and  bolts  i/and/,  a  counterweights  fio.is, 

may  be  attached  to  the  opposite  side  of  the  face  plate,  as 

shown,  and  adjusted  in  or  out  until  it  balances  the  whole 

exactly.     Such  work  as  this,  which  has  a  number  of  faces 

that  must  be  finished  in  certain  relations  to  one  another, 

should  be  laid  out  before  attempting  to  set  it  in  the  chuck 

or  on  the  face  plate:     In  Fig,  14,  the  work  is  to  be  bored  to 

the  circle  indicated  by  the  dotted  lines,  and  may  be  set  so 

that  it  will  run  true  with  this  circle  by  testing  with  a  scriber 

or  point  held  in  the  tool  post, 

1 7.  Cse  of  Paper  on  a  Pace  Plate. — When  a  fin- 
ished surface  is  to  be  clamped  against  the  face  plate  or  any 
other  metal  surface,  the  danger  of  its  slipping  can  be  greatly 
reduced  by  putting  a  sheet  of  paper  between  the  two  sur- 
faces.    If  this  precaution  is  not  taken,  it  will   be   found 
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almost  impossible  to  clamp  the  work  so  that  it  will  resist  the 
action  of  the  boring  tools. 

18*     Pulley  Clamp. — Pulleys  that  have  to  be   bored 
and  turned  can  be  clamped  by  means  of  the  arms.     Fig.  16 

illustrates  a  clamp  intended  for 
this  purpose.  The  block  a  is 
bolted  to  the  face  plate  and 
supports  an  adjustable  clamp  c 
having  a  turned  portion  that 
fits  into  a  socket  in  the  block  a^ 
and  is  secured  by  the  setscrew 
d.  The  pulley  arm  d  is  held  in 
the  clamp  c  by  the  setscrew  e. 
Similar  clamps  can  be  devised 
for  holding  a  great  variety  of 
irregularly  shaped  work. 
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19.  Anffle  Plate. — A  very  convenient  attachment  for 
/ace-plate  work  is  the  an^le  plate»  as  shown  at  a^  Fig  17. 
This  angle  plate  is  made  so 
that  its  two  faces  make  an 
angle  of  90**  with  each  other. 
When  it  is  desired  to  finish 
two  faces  of  a  piece  square 
with  each  other,  as,  for  in- 
stance, the  flanges  of  a  pipe 
elbow,  one  face  is  clamped  to 
the  angle  plate  as  shown.  This 
holds  the  other  face  of  the 
elbow  in  such  a  position  that 
it  will  be  cut  square  with  the 
first  face.  This  angle  plate 
may  be  used  to  great  advan- 
tage for  many  operations  in 
face-plate  work. 

The  methods  of  fastening  work  to  the  lathe  face  plate  are 
similar  to  those  for  fastening  work  to  the  platen  of  the 
planer,  or  to  the  table  of  the  boring  mill 
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TAKING  THE  CUT. 

20*  Tbe  Tool. — Suppose  a  shaft  collar  2  inches  long  is 
to  be  bored  1\^  inches  in  diameter.  The  tool  used  is  a 
boring  tool,  as  shown  in 


Fig.  18.  The  tool  is 
clamped  rigidly  in  the  tool 
post  so  that  it  lies  parallel 
with  the  lathe  V's  and  so 
that  it  will  pass  through 
the  hole  in  the  work.    The 
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tool  should  be  set  as  low  as  possible  in  the  hole. 

21*  Rouffhlns:  and  Flnlshlns:. — The  cut  is  started 
at  the  front  end.  Roughing  cuts  should  be  taken  as  heavy 
as  possible.  They  can  never  be  taken  very  heavy  because 
of  the  spring  of  the  tool.  After  the  first  cut,  the  hole 
should  be  calipered  to  see  if  it  is  boring  parallel.  If  it  is 
found  to  be  tapered,  lighter  cuts  should  be  taken.  Some- 
times the  hole  may  be  made  parallel  by  reversing  the  direc- 
tion of  the  feed,  which  will  start  the  cuts  at  the  back  end  of 
the  hole. 


MEASURING  BORED  HOLES. 

22.     Use  of  Calipers  and  Gauges. — Greater  skill  is 
required  for  measuring  the  diameters  of  holes  than  for 

measuring  outside  work. 
The  holes  may  be  meas- 
ured by  the  use  of  plug 
gauges,  limit  gauges,  or 
inside  calipers.  When  in- 
side calipers  are  used,  they 
may  be  set  from  a  stand- 
ard ring  gauge,  from  a 
scale,  or  from  a  pair  of 
outside  calipers  that  have 
previously  been  set  from  a 
Pio.  19.  scale.   When  setting  inside 
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calipers  from  a  scale,  one  end  of  the  scale  should  be  held 
squarely  against  a  blopk,  as  shown  in  Fig.  19,  and  the 
caliper  adjusted  to  the  line  on  the  scale.  When  work  is 
measured  with  inside  calipers  that  have    been    set  from 

outside  calipers,  there 
are  three  chances  for 
error:  firsts  in  adjust- 
ing the  outside  calipers; 
second^  in  transferring 
the  size  to  the  inside 
calipers;  third,  in  the 
final  measuring.  It 
will  be  seen  by  refer- 
ence to  Fig.  20  that  in  order  to  measure  accurately,  the 
calipers  must  be  held  in  line  with  the  axis  A  B  ol  the  work. 
If  the  calipers  are  held  in  any  other  line,  as,  for  example, 
CD,  the  hole  would  appear  too  large,  since,  with  one  point 
resting  against  the  work  at  b,  the  other  point  a  would  be  in 
the  position  a\  When  the  solid  plug  gauge  is  used  for 
testing,  extreme  care  is  necessary.  If  the  hole  is  the  exact 
size,  the  gauge  will  enter  only  when  its  *axis  is  held  exactly 
in  the  line  A  B\  because  of  this,  the  work  is  often  bored  too 
large,  since  sufficient  care  is  not  used  in  making  the  trial. 

If,  in  calipering  a  hole,  it  appears  to  be  very  close  to  size, 
a  second  cut  may  be  run  through  without  adjusting  the  tool 
deeper.  A  sufficient  amount  may  often  be  removed  by  this 
second  cut,  its  depth  depending  on  the  spring  of  the  tool 
during  the  previous  cut.  When  the  work  is  large  enough 
to  admit  heavy  tools,  they  should  be  used  to  avoid  the 
spring  as  much  as  possible. 


CHUCKING  TOOLrS. 
23.     Method  of  Holding  Chucking  Tools.— When 

the  holes  are  small,  3  inches  or  less  in  diameter,  they  can  be 
more  rapidly  and  accurately  bored  by  using  special  boring, 
or  chucklns:,  tools.  These  forms  may  be  held  in  a  special 
holder  on  the  carriage,  or  in  the  tailstock  in  place  of  the 
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dead  center.  The  latter  method  is  the  more  common. 
When  a  chucking  tool  is  to  be  held  in  the  tailstock,  care 
should  be  taken  that  it  is  perfectly  in  line  with  the  live 
spindle,  otherwise  trouble  will  be  encountered. 


FLAT  DRILLS  AND  RBAMBRS. 

24*     Flat  Drills  and  Holders. — For  rough  boring  in 
cored  holes,  the  flat  drill  shown  in  Fig.  21  is  sometimes 

used.     This   drill    may    _.     xr™wT-ni «» 

u  A     f  fl  ^  u  i   fOl    /^T^ — '-!iriii|";;i;  .  ni\my^_  \    ^   r\ 

be  made  from  flat  bar    U    C       1 1  .  ' ' ,      ■.  ^     \        • 

steel    with     the     point  ^    ^'' """'''■'■*' ' — '^ '  ^ 

ground   like   the   point  Pio. «. 

of  an  ordinary  flat  drill.  The  other  end  has  a  large  center 
hole  for  receiving  the  dead  center.  In  using  the  drill,  a 
specially  made  holder  is  employed,  as  shown  in  Fig.  23. 

This  holder  consists  of  a  flat  piece  of 
iron  or  steel  with  one  end  bent  at  an 
angle.  A  slot  a  is  cut  through  this  end 
sufficiently  large  to  allow  the  drill  to 
pass  through. 

26.     Operating    a    Flat    Drill.— 

Pig.  88l  _—_ 

When    used,    the    holder.    Fig.    22,    is 

clamped  in  the  tool  post  so  that  the  opening  a  comes  oppo- 
site the  center  of  the  hole  in  the 
work.  The  drill  is  passed  through 
the  opening  a  and  held  against 
the  work  by  pressure  of  the  dead 
center.  The  holder  keeps  the  drill 
from  revolving.  In  starting  the 
cut,  there  will  be  a  tendency  for 
the  drill  to  wabble,  owing  to  the 
irregularity  of  the  cored  hole.  In 
order  to  start  the  drill  true,  a 
monkeywrench  is  used  on  the 
drill,  as  shown  in  Fig.  23.  By 
pulling  on  the  wrench  in  the  direc- 
tion   of    the    arrow,    the    drill    is  pi©.  ja. 
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rotated  sufficiently  to  make  it  pinch  in  the  holder.  While 
in  this  position,  the  drill  is  fed  into  the  work  until  the  entire 
cutting  edge  is  in  metal,  after  which  the  wrench  is  taken  off 
the  drill.  Holding  with  the  wrench  causes  the  drill  to  start 
true.  When  once  started,  this  drill  cuts  well,  but  the  hole 
will  not  be  truly  cylindrical. 

26.     Flat   Reamers,  or  Turned  Drills. — To   finish 

the  hole  more  perfectly,  a  flat  reamer,  or  turned  drill, 

shown  in  Fig.  24  {a),  may  be  used  in  the  same  manner  as 

the  fiat  drill.  This 
reamer  is  made  of 
flat  bar  steel  and 
turned  parallel  on 
the  sides  c  and  d  to 
a  diameter  equal  to 
the  diameter  of  the 
desired  hole.  The 
cutting  edges  are 
at  a  and  b.  This 
reamer  is  sometimes  covered  with  wood,  so  that  it  will  just 
follow  the  hole  being  bored.  These  wooden  faces  are  used 
to  keep  the  reamer  from  chattering  and  to  guide  it  so  that 
the  holes  will  be  more  nearly  accurate.  Such  wood- covered 
reamers  are  sometimes  called  iivood  reamers. 

27«  Cannon  Drills. — Fig.  24  {6)  shows  a  cannon 
drill.  Half  the  face  is  cut  away,  as  shown  at  a^  while  b  is 
the  cutting  edge.  


PIO.  84. 


ROSB    AND   FLUTBD    RBAMBRS. 

28.     Rose  Reamers. — A  better  form  of  tool  for  cored 
holes,  known  as  a  rose  reamer,  is  shown  in  Fig.  25.     The 


Fig.  S5. 


part  marked  a  is  ground  round  and  parallel  to  the  diameter 
of  the  desired  hole.     This  form  of  reamer  will  generally 
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produce  holes  slightly  larger  than  the  size,  due  to  the  wear 
of  the  reamer  on  the  walls  of  the  hole. 

29«  Three-Fluted  Chucking  Reamer.  —  For  deep 
holes,  the  three-fluted  chucking:  reamer  shown  in 
Fig.  26  is  an  excellent  tool.     Because  of  the  spiral  fiutesi 
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there  is  less  danger  of  the  shavings  clogging  than  there  is 
in  the  style  shown  in  Fig.  25,  The  cutting  is  done  by  the 
edges  a,  and  the  chips  pass  away  through  the  larger  flutes; 
the  small  flutes  d  are  formed  for  clearance  and  to  allow  the 
oil  or  other  lubricant  to  flow  to  the  point  of  the  reamer. 

30*  Fluted  Chucklns  Reamer. — Fig.  27  represents 
a  fluted  chucking  reamer  for  finishing  holes  smooth 
and  true  to  standard  size.  In  this  form  of  reamer,  the  cut- 
ting edges  are  along  the  lines  a  b.    When  used  in  connection 


Fio.  jw. 

with  the  rose  reamers,  the  latter  should  leave  about  .005  inch 
diameter  for  this  reamer  to  remove  in  finishing.  Since  it  is 
intended  for  finishing  holes  to  exact  diameter,  it  should  be 
used  with  considerable  care.  The  cutting  speed  and  the 
feed  are  therefore  reduced. 

31  •     Shell  Chucking  Reamers. — Fig.  28  {a)  shows  a 

shell  chucking:  reamer  of  the  rose-reamer  type,  and  in 
Fig.  28  (b)  is  shown  a  shell  reamer  of  the  fluted  or  finish- 
ing-reamer type.  These  reamers  are  cheaper  and  in  many 
cases  more  convenient  than  the  solid  reamers  just  described. 
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They  are  used  on  an  arbor  as  shown  in   Fig.  28  (c).     One 
arbor  can  be  used  for  quite  a  large  range  of  sizes  of  reamers. 


32.  Borlne  Bars  for  Ctaucbine-— Pig  29  shows  a 
chucking  tool  that  can  easily  be  made  for  odd  sizes.  The 
blade  or  cutter  c  is  held  in  the  bar  by  a  setscrew  s.  Differ- 
ent sizes  of  cutters  may  be  made  at  little  expense,  which 


will  take  the  place  in  many  instances  of  the  more  expensive 
standard  chucking  tools.  When  the' holes  to  be  bored  are 
long,  a  bar  can  sometimes  be  used,  as  shown  in  Fig,  30.  The 
cutter  c  is  held  in  the  slot  cut  in  the  bar  by  a  setscrew  s. 
One  end  of  the  bar  is  fitted  to  the  tailstock,  while  the  other 
end  fits  a  cylindrical  bushing  li  in  the  headstock.  This  gives 
support  for  each  end  of  the  bar,  which  is  very  desirable  on 
some  kinds  of  work  when  it  is  necessary  to  have  tht  hole 
run  true. 
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33.     StartlaiE  Cbucblns  Reamers  True.  —  If   the 

cored  hole  does  not  run  true,  the  chucking  reamer  will  not 


start  true,  the  tendency  being  to  follow  the  cored  hole. 
When  it  is  desired  to  start  the  reamer  true,  it  may  be  done 
by  using  a  common  boring  tool  and  boring  out  the  mouth  of 
the  hole  to  nearly  the  correct  Size,  so  that  the  reamer  will 
enter  i  inch  or  so.  This  will  give  a  bearing  all  around  and 
bold  the  reamer  true. 

34.  Drilling  Solid  Material.  —  The  tools  thus  far 
described,  with  the  exception  of  the  flat  drill,  are  for  enlar- 
ging holes  that  have  been  previously  drilled  or  cored.  The 
flat  drill  will  pierce  a  hole  in  the  solid  metal  as  well  as  it  will 
follow  cored  holes,  but  it  will  not  cut  as  freely  as  the  twist 
drill.  Twist  drills  are  often  used  in  the  lathe  in  a  special 
holder  or  socket  fitted  in  the  tailstock,  the  drill  being  fed 
into  the  work  the  same  as  the  chucking  tools  just  described. 

35.  Startlnn  a  Twist  Drill.— It  is  essential  that  the 
twist  drill  be  started  to  run  true  and  that  its  point  be  cen- 
tered before  the  outer  corner  of  the  drill  has  begun  to  cut. 
After  the  outside  corner  of  the  drill  has  entered  the  work, 
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its  position  cannot  be  changed.  It  is  well  to  make  the  start- 
ing points  true  by  using  a  tool  in  the  tool  post,  as  shown 
in  Fig.  31.     This  tool  is  forged  with  a  thin  flat  point  and 


ground  like  the  point  of  a  flat  drill.  The  hole  is  started 
true  with  the  tool,  after  which  the  twist  drill  in  the  tailstock 
will  follow  in  the  hole  previously  started.  When  this  start- 
ing tool  is  not  at  hand,  the  twist  drill  may  be  started  true 
by  placing  the  butt  of  an  ordinary  lathe  tool  in  the  tool  post 
and  adjusting  it  so  that  it  just  touches  the  twist  drill.  This 
will  steady  the  point  of  the  drill  sufficiently,  so  that  in  most 
cases  it  will  start  true. 


BORING    WITH    A    BORING    BAR    BETWEEN 
CENTERS. 

36.  Use  of  Borins  Bar. — When  the  work  is  heavy  or 
the  holes  comparatively  long,  the  work  of  boring  can  quite 
often  be  accomplished  by  reversing  these  operations,  clamp- 
ing the  work  to  the  carriage  and  revolving  the  tool  in 
the  work.  When  this  is  done,  a  bar  is  passed  through  the 
work  and  held  between  the  centers.  This  bar  is  called 
a  boring  bar.  It  carries  the  blades  or  cutters  that  do  the 
boring.  The  boring  of  an  engine  cylinder  furnishes  a  good 
example  of  a  typical  operation  performed  in  this  manner. 
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TTPEB  OF  BORING  BARS. 

37.  BorlnK  Bars  With  Fixed  Catter*.— There  are 
two  types  of  boring  bars;  one  has  a  fixed  cutter  in  the  cen- 
ter that  may  project  sufficiently  to  cut  only  on  one  end,  or 
it  may  project  equally  on  each  side  of  the  bar  and  cut  at 
each  end.     Such  a  bar  is  shown  in  Fig.  32,    The  cutter  is 
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fitted  into  a  rectangular  slot  and  held  in  place  by  a  key  k 
driven  in  at  the  back.  The  cutter  blade  should  previously 
be  turned  to  the  desired  diameter  before  hardening.  The 
cutting  is  done  by  the  points  or  edges  a  and  B.  When  this 
style  of  bar  is  used,  it  must  be  twice  as  long  as  the  hole  to 


be  bored,  since  there  must  be  room  for  work  at  one  side  of 
the  cutter  before  starting,  and  room  for  it  to  pass  beyond 
the  cutter  after  the  cut  is  finished. 
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When  the  work  is  large  so  that  the  cutter  would  project 
a  considerable  distance  beyond  the  bar,  it  is  best  to  fix  a 
cutter  head  to  the  bar.  Such  a  head  is  shown  in  Fig.  33. 
It  consists  of  a  cast-iron  collar  carefully  fitted  to  the  bar 
and  kept  from  turning  by  a  key  and  setscrew.  There  are 
generally  four  blades  or  cutters  a  inserted  in  the  head  and 
held  in  place  by  the  setscrews  s^  s;  b,  b  are  setscrews  for 
adjusting  the  blades.  It  will  be  seen  that  by  tightening 
these  screws,  which  stand  against  the  ends  of  the  blades, 
the  blades  will  be  pushed  out  of  their  sockets.  As  the  blade 
becomes  short,  pieces  must  be  put  between  the  screw  and 
the  blade  to  make  the  screws  effective. 

38.     Boring:    Bars    Witb    Sliding    Heads.— When 

much  heavy  boring  is  done,  the  second  type  of  boring  bar, 
shown  in  Fig.  34,  is  more  desirable.  This  bar  a  is  fitted 
with  a  head  h^  which  slides  upon  the  bar  a.     The  head  is 
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kept  from  rotating  on  the  bar  by  means  of  a  key  that  slides 
in  a  spline  cut  the  entire  length  of  the  bar.  Four  cutting 
tools  b  are  used  and  held  in  place  by  setscrews  r.  Clamps 
or  wedges  are  often  used  for  holding  the  tools  in  the  head. 
A  feed-screw  ^,  supported  in  bearings  at  either  end  of  the 
bar,  passes  through  a  nut  in  the  sliding  head.  By  revolving 
this  feed-screw,  the  head  is  moved  along  the  bar.  This 
feed-screw  is  generally  set  in  a  slot  cut  in  the  side  of  the 
bar.     By  doing  this,  the  screw  is  protected. 

39.     Borins   an   Engine   Cylinder. — Fig.  35   shows 
the  general  scheme  of  using  this  type  of  bar  when  boring  an 
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engine  cylinder.  The  cross-slide  is  removed  from  the  lathe 
and  the  work  set  upon  blocking  and  claLtnped  with  bolts  in 
its  correct  position.  Considerable  care  should  be  exercised 
in  setting  this  class  of  work  upon  the  machine,  to  see  that 
it  is  so  set  that  all  faces  can  be  finished  in  their  correct  rela- 
tion to  one  another  and  to  correct  sizes.  It  will  be  seen 
that  the  bar  passes  through  the  work,  is  held  between  the 
lathe  centers,  and  is  driven  with  a  dog.  One  of. the  various 
methods  of  operating  the  feed  mechanism  is  by  means  of  the 
star  feed,  as  shown  in  Fig.  34.  A  star  wheel  w  is  fastened 
to  the  end  of  the  feed-screw.  This  revolves  with  the  bar. 
A  pin  /,  Fig.  35,  is  fastened  in  some  convenient  place  so 
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that  for  each  revolution  of  the  work  it  strikes  one  of  the 
arms  in  the  star  wheel  and  gives  it  a  partial  revolution. 
When  a  coarser  feed  is  desired,  two  or  more  pins  may  be 
arranged  to  act  one  after  the  other.  This  revolves  the  feed- 
screw and  so  gives  feed-motion  to  the  head.  Another 
method  of  revolving  the  feed-screw  is  to  put  a  gear-wheel 
in  the  place  of  the  star  wheel.  A  second  gear  is  fixed  to 
the  lathe  center  so  that  it  gears  with  the  wheel  on  the  feed- 
screw. As  the  bar  revolves,  the  gear  and  the  feed-screw 
rotate  about  the  fixed  gear,  thus  revolving  the  feed-screw 
49—20 
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upon  its  axis.  If  the  gears  are  of  the  same  size,  the  screw 
will  make  one  revolution  for  each  revolution  of  the  bar. 
By  varying  the  proportion  of  these  gears,  various  rates  of 
feed  may  be  obtained. 

This  form  of  bar  is  more  desirable  for  large  work  than  the 
type  of  bar  with  the  fixed  head.  Because  of  the  sliding 
head,  the  bar  need  be  but  a  little  longer  than  the  work  to 
be  bored.  This  shortening  of  the  bar  gives  it  greater  rigid- 
ity. When  the  bar  has  a  sliding  head,  the  work  does  not 
need  to  be  fastened  to  the  carriage  of  the  lathe,  but  may  be 
more  securely  bolted  to  the  lathe  bed.  This  also  adds  to 
the  rigidity  of  the  work. 


TAKING  A  CUT  ^ITITH  THE  BORING  BAR. 

40.  Adjusting  tbe  Tools. — After  the  work  has  been 
carefully  set,  so  that  it  is  known  to  be  correct,  the  cut  is 
started  at  one  end.  One  tool  is  used  at  first  until  a  suflicient 
depth  of  cut  is  obtained  and  a  short  distance  bored  into  the 
work.  After  this  true  place  is  turned,  the  other  tools  are 
carefully  adjusted  so  that  they  each  do  their  share  of  the 
work. 

41.  Sbape  of  tlie  Boring  Tools. — The  tools  for  the 
roughing  cuts  are  ground  round  on  the  point  similar  to  the 
diamond  point.  Very  little  clearance  should  be  given.  The 
first  roughing  cuts  are  generally  made  deep,  with  a  moder- 
ately fine  feed.  The  finishing  cuts  are  made  with  a  very 
coarse  feed.  The  finishing  tool,  therefore,  has  a  broad  cut- 
ting edge  with  a  minimum  of  clearance. 

42.  Spring  of  tlie  Bar  and  Work. — It  will  be  seen 
that  the  boring  bar  held  between  the  lathe  centers  is  lim- 
ited in  its  power  by  the  strength  of  the  lathe  center.  When 
each  of  the  four  tools  is  doing  its  share  of  the  work,  the  bar 
is  well  balanced  in  the  cut  and  the  strain  on  the  lathe  cen- 
ters is  small.  If  the  cut  is  very  heavy  on  one  side  and  light 
on  the  other,  the  opposite  cuts  will  be  unbalanced,  the 
heavier  cut  tending  to  spring  the  bar  away  and  into  the 


§4  LATHE  WORK.  25 

lighter  cut  on  the  opposite  side.  This  action  will  bring  a 
great  strain  upon  the  centers  of  the  lathe.  Special  boring 
mills  have  been  designed  for  this  class  of  work  and  will  do  it 
better  and  more  rapidly  than  the  lathe.  At  the  same  time, 
the  lathe  is  always  at  hand  for  special  jobs  when  boring 
mills  or  boring  lathes  are  not  available. 


BORING   TAPERS. 

43.  Bbrins  Wltti  Taper  Attacliment  or  Com- 
pound Rest. — Taper  boring  is  often  best  done  on  the  lathe. 
If  the  work  is  held  in  the  chuck,  the  taper  may  be  bored  by 
using  the  taper  attachment.  For  this,  the  attachment  is 
set  in  the  same  way  as  for  taper  turning,  and  the  operation 
of  taking  the  cut  is  the  same  as  in  boring  cylindrical  holes. 
When  the  holes  to  be  bored  are  short  or  an  abrupt  taper  is 
desired,  the  compound  rest  may  be  used.  For  some  kinds 
of  work,  taper  chucking  reamers  are  used.  They  are  held 
in  the  tailstock  the  same  as  the  ordinary  chucking  tools. 

44.  Reamins:  Tapers. — Tapers  may  be  reamed  by  a 
tool  or  tools  inserted  in  the  cutter  head  of  a  boring  bar. 
The  tools  must  be  in  the  form  of  blades  as  long  as  the  hole, 
and  set  so  that  their  cutting  edge  is  at  the  desired  angle. 

45.  Borins  Tapers  Witli  a  Boring  Bar. — When 
the  boring  bar  with  the  sliding  head  is  used,  a  taper  hole 
may  be  bored  in  work  fastened  to  the  carriage  or  bed  by 
setting  over  the  headstock  end  of  the  bar.  This  is  accom- 
plished by  fastening  a  false  center  ^,  Fig.  36,  to  the  face 
plate,  which  may  be  adjusted  at  any  distance  from  the  true 
center  of  the  lathe.  The  amount  that  this  center  is  to  be 
set  out  of  line  may  be  estimated  the  same  as  the  amount 
that  the  dead  center  is  set  out  of  line  in  plain  taper  turning. 
When  the  bar  is  thus  set  out  of  line,  it  will  be  noted  that 
but  one  cutter  point  /  can  be  used.  This  should  be  so  set 
that  when  the  false  face-plate  center  c  is  at  the  front  and  at 
the  same  height  as  the  dead  center,  the  cutter  point/  is  also 
at  the  same  height. 
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The  boring  bar  shown  in  Fig.  36  (*)  may  be  used  for 
either  straight  or  tapered  holes.     The  bar  a  is  fastened  to 
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the  dead  spindle  b  so  that  it  cannot  rotate.  It  is  provided 
with  a  T  or  dovetail  slot  its  entire  length,  which  carries  a 
sliding  cutter.  This  cutter  has  lugs  c  which  engage  the 
end  of  a  feeding  piece  d  held  in  the  tool  post  e.  The  work/ 
may  be  clamped  to  the  face  plate  g  as  shown.  As  the 
feeding  piece  d  is  fed  along  the  lathe,  it  will  force  the  sliding 
cutter  fitting  the  T  or  dovetail  slot  to  feed  along  the  bar  a^ 
so  that  the  cutting  point  h  will  bore  either  a  tapered  or 
a  cylindrical  hole,  depending  upon  the  position  of  the  dead 
center.  The  live  center  rotates  in  a  stationary  bar  and 
hence  it  should  be  hardened  and  supplied  with  oil.  It  is 
also  necessary  to  feed  the  tool  post  in  by  means  of  the  cross- 
slide  as  the  cut  advances  so  as  to  prevent  the  lugs  c  from 
passing  out  of  contact  with  the  feeding  piece  d. 


RADIAL   FACING. 


FACING   OF    REVOLVING    WORK. 

46.  Definition  of  Radial  Facing. — When  a  true 
flat  surface  is  produced  with  a  lathe,  it  is  called  a  radial 
face.  The  end  of  a  piece  that  is  squared  up  between  cen- 
ters is  a  radial  face,  but  the  term  radial  facinj;  is  gener* 
ally  applied  to  larger  pieces  of  work  that  have  to  be  held  in 
the  chuck  or  on  the  face  plate. 
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47.  Precautloas  to  be  Taken  la  Radial  Pacing. — 

There  are  two  important  points  in  ail  facing.  First,  all  end 
play  of  the  lathe  spindle  must  be  taken  up.  Second,  the 
carriage  must  be  clamped  upon  the  V's,  thus  preventing 
the  tool  from  moving  away  from  the  work. 

48.  Tools  Used  and  Tbelr  Sliape. — Tools  for  radial 
facing  do  not  need  as  great  a  clearance  angle  on  the  front; 
i.  e.,  they  do  not   require   as 

much    front     rake     as    when 

turning  cylindrical  shapes.     In 

shape    the    tools    for   radial 

facing  are  similar  to  planer  or 

shaper  tools,  especially   when 

they  are  used  for  facing  from 

the  outside  toward  the  center. 

This  point  is  taken  up  more 

fully  under  "  Forms  of  Cut- 
ting   Tools."     Quite   a   large  ^'° " 

variety  of  tools  can  be  used  for  radial  facing,  and  in  most 

cases  a  bent  tool  is  preferable,  because  it  can  be  held  in  the 
tool  post  closer  to  the 
cutting  edge,  thus  giv- 
ing greater  stiffness. 
In  Fig.  37  a  front  ele- 
vation of  a  tool  pre- 
sented to  the  work  for 
radial  facing  is  given, 
the  front  rake  being 
shown  by  the  line  C//. 
The  tool  point  a  is 
placed  about  level 
with  the  center  of  the 
work.  Fig.  38  gives  a 
plan  oE  the  same  tool 
illustrating  how  it 
'  should    be    set.      The 

tool   should   make  an   angle   of   30°   to  45°  with   the   face 
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of  the  work,  and  the  cutting  edge  should  be  presented 
to  the  work  as  indicated  by  the  line  E  F,  The  type  of  tool 
shown  should  be  fed  from  the  outside  toward  the  center,  the 
tool  being  set  the  same  height  as  the  center  of  the  work. 
The  tool  may  be  fed  either  by  hand  or  by  means  of  a  power 
feed. 

For  finishing  radial  surfaces,  the  side  tool  may  be  em- 
ployed, or  a  special  square-nosed  tool  may  be  used.  The 
square-nosed  tool  has  the  advantage  that  it  can  be  fed  in 
either  direction.  If  the  feed  and  the  cut  are  heavy,  care 
must  be  taken  that  the  tool  does  not  spring  into  the  work. 

49«  Cutting  Speeds  for  Radial  Facins* — In  radial 
facing,  the  cutting  speed  of  the  tool  will  vary  according  to 
the  diameter  of  the  work  at  the  point  where  the  tool  is 
operating,  the  number  of  revolutions  per  minute  remaining 
the  same;  hence  it  is  evident  that,  as  the  tool  advances 
toward  the  center,  the  cutting  speed  will  decrease.  For 
this  reason,  on  large  surfaces,  it  may  be  advantageous  to 
speed  up  the  lathe  as  the  tool  advances  toward  the  center. 


FACING   OF    STATIONARY    TVORK. 

50.  Holding  Stationary  Work  for  Facing. — When 
the  work  to  be  operated  upon  is  so  large  that  it  cannot  be 
swung  upon  the  face  plate,  it  may  be  bolted  to  the  carriage 
or  lathe  bed  and  faced  by  means  of  a  rotating  tool  or  cutter. 
The  work  must  be  blocked  up  to  the  proper  position  and 
then  bolted  securely,  so  that  there  will  be  no  chance  of  its 
moving  during  the  facing. 

51«  Facioff  Arms. — For  facing  the  ends  of  cylinders 
as  shown  in  Fig.  35,  a  facing  arm  is  used,  as  shown  in 
Fig.  39.  This  arm  is  fastened  to  the  boring  bar  arid  rotates 
with  it.  On  one  side  of  the  arm  is  fitted  a  tool  block  a^ 
which  slides  in  a  guide.  This  .tool  block  carries  the  cutting 
tool  b.  Feed-motion  is  given  by  means  of  a  screw  operated 
by  the  star  wheel  r,  which  is  made  to  rotate  partly  for  each 
revolution  of  the  bar, In  this  way,  the  tool  is  fed  entirely 
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across  the  face  of  the  work.     When  a  facing  arm  is  not  at 

hand,  a  cross-slide  of  some  sort  is  fastened  to  the  face  plate 

of   the    lathe.  ■  Very 

often  the  compound 

rest    is    fastened    to 

the  face  plate  so  that 

the  slide  may  be  used 

for    feeding    a    tool 

across  the  face  of  the 

work. 

52.  Reason  for 
Facing  Before 
Boring. — When  a 
piece  of  work  held 
in  a  chuck  or  on  a 
face  plate  is  to  be 
bored   and   faced,    it 

is    best    to    do   the  '*<•■  *■ 

facing  first,  or  at  least  take  a  roughing  cut  before  doing  the 
boring.  This  gives  a  better  chance  to  start  chucking  tools 
and  also  furnishes  a  better  edge  for  calipering  the  hole. 
When  facing,  the  tool  has  a  greater  leverage  on  the  work 
and,  hence,  a  greater  tendency  to  displace  it.  For  this 
reason,  all  facing  and  outside  turning  should  be  done  before 
boring. 

SCREIV  CUTTING. 

53.  Deflaitloas. — The  point  of  a  thread  is  the  pro- 
jecting end  rt.  Fig.  40. 

The  diameter  of  a  thread  is  the  diameter  measured  over 
the  points,  or  the  diameter  d  oi  the  bolt.  Fig.  40,  before  the 
thread  was  cut.  The  diameter  at  the  root  of  the  thread 
is  d,. 

The  root  of  the  thread  is  the  bottom  of  the  space  d  where 
the  threads  unite,  Fig.  40. 

The  belcbt  of  a  thread  is  the  vertical  distance  A  from 
the  root  to  the  point,  Fig.  40. 
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A  rifftit-liand  tbread  is  one  that  is  turned  in  the 
direction  of  the  hands  of  a  clock  when  it  is  being  screwed 
into  a   nut.     It  is  the  common   thread. 

A  left-band  tliread 

turns  in  the  opposite 
direction  from  a  right- 
hand  thread. 

A   sinsrie    thread 

has  one  spiral  groove 
cut  around  the  bolt. 
This  leaves  one  spiral 
projection  or  thread, 
Fig.  40. 

A   double    thread 
has  two  spiral  grooves 

cut  around  the  bolt.     This  leaves  two  spiral  projections  or 

threads.     Fig.  41  shows  a  double  thread.    One  thread  is  cut 

farther  along  the 

bolt  than  the  other,    f 

to  show  how  the  first   - 

thread  is  cut. 

A  triple  thread 

has   three  spiral 

grooves    and,    con- 
sequently,   three 

spiral  projections  or 

threads. 

A  single   thread 

may  be   illustrated 

by  winding  a  string 

around  a  lead  pencil. 

The  string  will  represent  the  thread  of  the  screw.     If  two 

strings  be  wound  at  the  same  time  about  the  pencil,  keeping 

them  side  by  side,  the  strings  will  represent  a  double  thread. 

If  three  or   four  strings   be  used,  a  triple  or  a  quadruple 

thread  will  be  illustrated. 

The  pitch  of  a  thread  is  the  distance  between  any  two 

turns  of  the  thread,  measured  parallel  to  the  axis;  it  is  equal 


Fig.  41. 
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to  1  divided  by  the  number  of  turns  the  thread  makes  in 
advancing  1  inch. 

54.  MeasurInK  Screw  Threads. — It  is  customary  to 
designate  a  screw  thread  by  the  number  of  turns  it  makes 
about  the  axis  in  advan- 
cing 1  inch  along  the  axis. 
Fig-  i'Z  shows  a  screw 
thread  with  a  scale  against 
it  so  that  the  first  thread 
comes  opposite  the  end  of 
the  scale  and  the  fifth 
thread  opposite  the  1-inch 
mark.  Lines  drawn  down 
from  the  end  and  from  the 
inch  mark  would  divide 
the  first  and  fifth  thread  in  ^"'-  « 

the  middle,  leaving  only  four  complete  threads  between 
these  marks.  There  are,  therefore,  only  4  threads  per  inch 
on  this  screw  and  the  pitch  is  J  inch.  In  counting  the 
threads  never  include  both  the  first  and  last  threads. 

In  the  case  of  a  double -threaded  screw,  as  shown  in  Fig.  41, 
every  other  thread  is  taken,  making  two  threads  per  inch  or 
I  inch  pitch.  In  triple- 
threaded  screws,  as  in 
Fig.  43,  every  third  thread 
is  counted. 

Double  and  triple  threads 
are  used  when  a  very  coarse 
pitch  screw  of  small  diame- 
ter is  desired.     By  cutting  a 
number  of   threads    in   the 
place  of   one  large  thread, 
we  can  keep   the  coarse  pitch   without  cutting  very   deep 
into  the  piece.     Fig.  43  shows  a  section  of  a   screw    with 
triple  threads.     The  dotted  lines  show  the  depth  to  which 
it  would  be  necessary  to  cut  a  single  thread  of  the  same 
pitch. 
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SHAPES   OF    SCREW    THREADS. 

55*  Common  Forms  of  Tlireads. — There  are  four 
forms  of  screw  threads  in  common  use.  They  are  the  sharp, 
or  V,  thread,  the  United  States  standard,  also  known  as  the 
Sellers,  or  Franklin  Institute,  thread,  the  British  standard, 
known  also  as  the  Whitwortk  thread,  and  the  square  thread. 
Besides  these  forms  there  are  some  other  forms,  such  as  the 
ratchet  thread,  the  acme  thread,  and  some  others.  These 
last  named,  however,  are  used  only  for  special  purposes. 

The  two  forms  that  are  most  commonly  used  in  the 
United  States  are  the  V  thread  and  the  United  States 
standard.  These  are  used  on  coromerciai  bolts  and  screws 
and  whenever  fastening  devices  are  required  in  machine 
construction. 

56.  Shape  of  V  Thread. — Fig.  44  is  a  section  through 
a  part  of  a  V  thread,  showing 
its  exact  shape.  It  will  be  seen 
that  the  sides  of  the  thread  are 
straight  and  make  an  angle  of  60° 
with  each  other,  and  60°  with  the 
center  line  of  the  screw.  These 
side  faces  meet  and  form  a  sharp 
point  a  and  a  sharp  corner  b  at 
the  root;  hence  its  name,  sharp,  or  V,  thread. 

The  pitch  is  here  denoted  by/,  the  height  of  the  thread 
by  //,  the  diameter  of  the  bolt  by  d,  the  diameter  at  the  root 
of  the  thread,  i.  e. ,  the  diameter  of  the  tap  drill,  by  d^.  On 
account  of  the  fact  that  the  sides  of  the  thread  make  equal 
angles  with  each  other  and  with  the  center  line  of  the  bolt, 
this  angle  being  60°,  the  height  of  the  thread  divided  by  the 

pitch  equals  .  866 ;  that  is,  -  =  .  866,  or  /(  =  .  8G6/.    Also  the 

diameter  of  the  bolt  at  the  root  of  the  thread,  that  is,  the 
diameter  of  the  tap  drill,  is  expressed  by'  the  following  for- 
mula: d,  =  d  —  %h  =  d—  1.73a/.  Expressed  as  a  rule  this 
would  read  as  follows: 
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Rule. — To  find  the  diameter  of  the  tap  drill  when  the 
diameter  of  th^  bolt  and  the  pitch  are  given,  multiply  the 
pitch  by  1.732  and  subtract  the  result  from  the  diameter  of 
the  bolt. 

Example. — Required  to  find  the  diameter  of  tap  drill  for  a  1-inch 
standard  bolt  that  has  8  threads  per  inch,  or  a  pitch  of  \  in. 

Solution. — Applying  the  above  rule  gives  1.732  X  i  =  .2166.  Sub- 
tracting this  from  the  outside  diameter  of  the  bolt  gives  1  —  .2165 
=  .7885  in.  as  the  diameter  of  the  bottom  of  the  thread  Qr  the  diameter 
of  the  tap  drill.    Ans. 


EXAMPLES  FOR   PRACTICE. 

1.  A  bolt  is  f  inch  in  diameter  and  has  a  pitch  of  -^  inch.    What 
diameter  of  tap  drill  is  required  ?  Ans.  .5768  in.. 

2.  What  diameter  of  tap  drill  is  necessary  for  a  bolt  ^^  inch  in  diam- 
eter, with  a  pitch  of  ^  inch  ?  Ans.  .2163  in. 


56i.    As  the  pitch  equals  1  divided   by  the  number  of 

threads,  the  rule  can  be  expressed  more  simply  by  letting  n 

equal  the  number  of  threads,    when   the   formula  can   be 

1  732 
written  d^  =^  d '- .     Expressed  as  a  rule  this  formula 

becomes 

Rule. —  To  find  the  diameter  of  the  bottom  of  the  thread, 
t/iat  is,  the  diameter  of  the  tap  drill  when  the  diameter  of  the 
bolt  and  the  number  of  threads  per  inch  are  given,  divide  1. 732 
by  the  number  of  threads  per  inch  and  subtract  the  quotient 
from  the  outside  diameter  of  the  bolt. 

Example. — It  is  desired  to  find  the  diameter  of  the  tap  drill  for  a 
1-inch  standard  bolt  having  8  threads  per  inch. 

1  732 
Solution. — Applying  the  rule,  we  get    ' ..     =  .2165.    Subtracting 

o 

this  from  the  outside  diameter  of  bolt  gives  1  —  .2165  =  .7835  in.  as  the 
diameter  at  the  bottom  of  the  thread  or  the  diameter  of  the  tap  drill. 

Ans. 
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EXAMPLES    FOR    PRACTICE. 

1.  A  bolt  is  If  inches  in  diameter  and  has  11  threads  per  inch. 
What  diameter  of  tap  drill  is  required  ?  Ans.  1.4676  in. 

2.  What  diameter  of  tap  drill  must  be  used  to  drill  a  nut  for  a 
f^  inch  standard  bolt  having  14  threads  per  inch  ?  Ans.  .8138  in. 
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57.     Sbape  of  United  States  Standard  Thread. — A 

section  through  a  United  States  standard  thread  is  shown  in 

Fig.  45.  The  shape  is 
similar  to  the  sharp,  or  V, 
thread  in  that  the  sides  are 
straight  and  form  an  angle 
of  60°  with  one  another  and 
with  the  center  line  of  the 
bolt.  The  point  and  the 
root  of  the  thread,  however,  are  flat.  The  amount  of  flat- 
ness is  determined  by  dividing  the  total  height  of  a  sharp, 
or  a  V,  thread  into  8  parts.  One-eighth  of  the  total  height 
is  cut  from  the  point  and  an  equal  amount  filled  in  at  the 
root,  thus  making  the  total  height  of  the  United  States 
standard  three-fourths  that  of  a  V  thread  of  the  same  pitch. 
The  letters  in  Fig.  45  are  similar  to  those  in  the  previous 
illustrations  and  have  the  following  values:  d  equals  the 
diameter  of  the  screw,  rf,  the  diameter  at  the  root  of  the 
thread,  that  is,  of  the  diameter  of  the  tap  drill,  /  the  pitch, 
A  the  height  of  the  thread  and  the  number  of  threads  per  inch. 
For  the  United  States  standard  thread,  the  following 
formulas  may  be  used,  the  letters  in  which  have  the  same 
meaning  as  in  Arts.  56  and  56i: 

A  =  .866  x/  X  I  =  .6495/. 
d^  =  d'-2/i  =  d-  1.299/. 

Expressed  as  a  rule  this  becomes 

Rule. —  To  find  the  diameter  at  the  bottom  of  a  United 
States  standard  thread  zvhen  the  outside  diameter  and  the 
pitch  are  given,  multiply  the  pitch  by  1.299  and  subtract  the 
product  from  the  outside  diameter  of  the  bolt. 
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Example. — It  is  desired  to  find  the  diameter  of  the  tap  drill  for  a 
1-inch  bolt  for  United  States  standard  thread,  the  1-inch  bolt  having 
8  threads  per  inch. 

Solution. — Since  there  are  8  threads  per  inch,  the  pitch  is  ^  in. ; 
hence,  applying  the  foregoing  rule,  i  X  1.299  =  .1624.  Subtracting  this 
from  1  in.  gives  .8376  in.  as  the  diameter  of  the  tap  drill.    Ans. 


EXAMPLES   FOR    PRACTICE. 

1.  A  bolt  with  United  States  standard  thread  is  1-^  inches  in  diam- 
eter. What  is  the  diameter  at  the  bottom  of  the  thread,  the  pitch 
being  |  inch  ?  Ans.  .94  in. 

2.  What  is  the  diameter  at  the  bottom  of  the  thread  of  a  bolt 
4  inches  in  diameter  having  a  United  States  standard  thread  ?  The 
pitch  is  i  inch.  Ans.  3.567  in. 

57,.  When  the  number  of  threads  per  inch,  in  place  of 
the  pitch,  is  given,  the  following  formula  may  be  employed: 

,         -       1.299 

a.  =  a . 

'  n 

Expressed  as  a  rule  this  becomes 

Rule. —  To  find  the  diameter  at  the  bottom  of  the  thread  or 
the  diameter  of  the  tap  drill  for  United  States  standard 
thread  when  the  diameter  of  bolt  and  number  of  threads  per 
inch  are  given,  divide  1.299  by  the  number  of  threads  per 
inch  and  subtract  the  quotient  from  the  diameter  of  the  bolt. 

Example. — It  is  desired  to  find  the  diameter  at  the  bottom  of  the 
thread  or  of  the  tap  drill  for  a  1-inch  standard  bolt  that  has  8  threads 

per  inch. 

1  299 
Solution. — Applying  the  rule,    '        =  .1634;  subtracting  this  from 

the  diameter  of  the  bolt  gives  1  -  .1624  =  .8876  in.    Ans. 


EXAMPLES   FOR   PRACTICE. 

1.  What  is  the  diameter  at  the  bottom  of  the  thread  of  a  United 
States  standard  bolt  \  inch  in  diameter,  with  9  threads  per  inch  ? 

Ans.  .731  in. 

2.  What  is  the  diameter  of  the  tap  drill  necessary  to  cut  a  thread 
for  a  3-inch  United  States  standard  bolt,  with  8^  threads  per  inch  ? 

Ans.  2.629  in. 
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58.     Shape   of    Brltlsti   Standard    Thread.  — The 

exact  shape  of  the  British  standard  is  shown  in  Fig.  16. 
In  this  thread  the  sides 
are  straight  and  form 
an  angle  of  55°  with  one 
another.  The  point  and 
root  are  rounded.  The 
total  height  of  a  sharp 
thread  is  divided  into  six 

equal  parts.     One  part  is  taken  from  the  point  and  one  part 

filled  in  at  the  root.      The  thread   is   further  shaped   by 

rounding  the  bottom,  or  root,  and  top  with  curves  that  just 

come  tangent  to  the  sides. 

S&.     Shape  of  Square  Thread. — The  square  thread, 

as   its   name    implies,    is   square   in   section,   as  shown   in 

Fig.   47.     The   space   between   the 

threads   is  also  square,  so  that  in 

theory  the  dimensions  a,  b.  and  c 

should  all   be  equal.     In  practice, 

a  is  made  slightly  greater  than  b. 

In    the   square  thread   there   is  no 

standard  relation  between  the  diam- 
eter of  the  screw  and  the  pitch;  in  fact,  there  is  no  standard 

pitch. 

STANDARD    THREADS. 


UNITED  STATES  STANDARD  THREAD. 

60.  Origin  of  a  Standard  Thread. — Originally,  each 
manufacturer  adopted  his  own  standard  as  to  the  number  of 
threads  per  inch  and  the  form  of  thread.  The  result  was 
that  bolts  and  screws  made  by  different  firms  were  not 
interchangeable,  and,  in  the  case  of  a  breakdown,  it  was 
often  very  inconvenient  to  obtain  repairs  for  machines.  As 
manufacturing  interests  became  specialized  and  shops 
exchanged  tools  and  commodities,  interchangeability  of  the 
parts   became   very  desirable,   and   a    number  of    leading 
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manufacturers  brought  out  special   types  of   threads  that 
they  tried  to  have  adopted. 

In  the  year  1864,  The  Franklin  Institute,  of  Philadelphia, 
appointed  a  committee  to  investigate  and  report  upon  this 
subject  of  screw  threads.  They  made  a  careful  investigation, 
and  finally  recommended  a  system  designed  by  Mr.  William 
Sellers,  which  was  later  adopted  by  the  Institute. 

61.     Reason  for  Selecting  Preseat  Standard. — In 

determining  the  exact  shape  and  pitch  for  a  screw,  many 
things  had  to  be  considered.  Among 
these  were  the  best  angle  for  the 
sides,  and  whether  the  angle  of  the 
sides  should  be  equal  or  not.  When 
a  bolt  has  a  thread  cut  on  its  end, 
the  strength  of  that  bolt  is* reduced 
because  of  the  reduced  diameter  at 
the  root  of  the  thread.  It  will  not 
be  any  stronger  than  a  bolt  equal 
to  the  diameter  at  the  root  of  the 
threads.  It  would  therefore  seem 
desirable  to  make  the  threads  shal-  •''''•  *■ 

low,  so  as  not  to  reduce  the  strength  of  the  bolt.  The 
threads  then  might  be  of  the  shape  shown  in  Pig.  48.  Sup- 
pose we  have  this  form  of  thread  on  a  bolt  that  passes 
through  the  pieces  shown,  and  it  is  intended  to  carry  a  load 
acting  in  the  direction  of  the  arrow.  A  nut  shown  in  sec- 
tion holds  the  bolt  in  place.  As  the  load  is  applied,  the  bolt 
will  tend  to  draw  through  the  nut,  and,  by  so  doing,  will 
tend  to  stretch  or  burst  it.  The  bursting  strain  on  the  nut 
will  depend  on  the  angle 
,  of  the  side  of  the  threads, 
I  each  thread  acting  like  a 
1  wedge  in  the  nut.  It  will 
seen  that  the  bursting 
'ain  in  this  case  will  be 
much  greater  for  a  given 
load  than  it  would  be  if 
the   threads  were    more   acute,  as  shown   in   Pig.  49  (a). 
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Besides,  the  great  bursting  strain  would  cause  great  friction 
on  the  thread,  and  there  would  be  danger,  in  tightening  the 
nut,  that  the  bolt  would  be  twisted  off.  It  is  evident,  there- 
fore, that  a  thread  having  a  flat  angle  is  not  desirable.  The 
sharp  acute  thread  would  so  weaken  the  bolt  that  it  is  not 
desirable.  The  friction  and  the  bursting  strain  on  the  nut 
might  be  eliminated  by  using  a  ratchet  thread,  as  shown  in 
Fig.  49  (d).  This  would  be  flat  on  the  under  side,  relieving 
the  nut  from  the  wedge-shaped  thread  tending  to  burst  the 
nut.  The  thread  would  not  be  deep,  so  that  the  bolt  would 
not  be  much  reduced  in  strength  after  the  thread  was  cut. 
This  would  at  first  seem  to  answer  the  conditions,  but  if  the 
direction  of  the  load  should  be  changed,  these  ideal  condi- 
tions would  vanish.  In  every  case,  the  workman  would 
have  to  consider  the  direction  of  the  load  before  he  could 
determine  which  side  of  the  thread  should  be  flat  and  which 
side  beveled.  Furthermore,  the  nut  used  for  this  thread 
would  only  fit  from  one  side;  if  the  nut  were  turned  'over, 
it  would  not  go  on.  This  and  many  other  considerations 
led  to  the  adoption  of  a  thread  with  equal  angles  on  either 
side.  The  angle  of  60°  was  chosen  after  much  considera- 
tion, it  being  an  angle  easily  obtained  and  one  that  seems 
best  to  answer  the  conditions.  To  give  the  thread  dura- 
bility, it  was  decided  to  take  off  the  sharp  point,  since  it  did 
not  add  to  the  strength  of  the  thread.  By  removing  the 
point  of  the  thread  in  the  nut,  it  made  it  possible  to  fill  in  a 
corresponding  amount  in  the  root  of  the  screw.  This  added 
to  the  strength  of  the  bolt.  The  points  were  left  flat 
because  of  the  ease  with  which  the  screw  could  be  con- 
structed when  compared  with  the  curved  points  represented 
by  the  British  standard. 

62.  United  States  Standard  Threads.— The  pitch 
of  the  screw  for  different  diameters  was  also  considered,  and 
a  standard  number  of  threads  to  the  inch  for  various  diam- 
eters was  adopted. 

The  number  of  threads  per  inch  for  the  United  States 
standard  is  given  in  the  following  table: 
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UNITED  STATES  STANDARD  THREADS. 


Diam.  of 
Screw. 
Inches. 

Diam.  at 
Root  of 
Thread. 
Inches. 

No.  of 
Threads 
Per  Inch. 

Diam.  of 
Screw. 
Inches. 

Diam.  at 
Root  of 
Thread. 
Inches. 

No.  of 
Threads 
Per  Inch. 

i 

.185 

20 

2 

1.712 

H 

tV 

.240 

18 

H 

1.962 

H 

« 

.294  : 

16 

H 

■    2.175 

4 

A 

.344 

14 

2i 

2.425 

4 

i 

.400 

13 

3 

2.629 

H 

iV 

.454 

12 

3i 

2.879 

H 

f 

.507 

11 

H 

3.100 

H 

i 

.620 

10 

3J 

3.317 

3 

i 

.731 

9 

4 

3.567    • 

3 

1 

.837 

8 

H 

3.798 

n 

li 

.940 

7 

H 

4.028 

2f 

li 

1.065 

7 

4i 

4.255 

n 

If 

1.160 

6 

5 

4.480 

H 

n 

1.284 

6 

5i 

4.730 

H 

If 

1.389 

H 

H 

4. 953 

H 

If 

1.490 

5 

5i 

5.203 

2f 

li 

1.615 

5 

6 

5.423 

n — -  ■  - 

H 

63.  Formal  Adoption  of  United  States  Standard 
Threads. — This  system  was  authorized  for  the  naval  ser- 
vice by  the  Government  in  the  year  1868.  In  the  year  1871, 
the  Master  Car  Builders*  Association  recommended  it  for 
use  in  the  construction  of  locomotives  and  cars.  The  system 
is  now  entirely  used  in  the  United  States  Navy,  and  very 
generally  used  in  locomotive  and  car  construction.  It  has 
been  adopted  by  manufacturers  generally.  It  has  not 
entirely  taken  the  place  of  the  V-thread  system,  however, 
since  for  very  small  screws  and  fine  pitches  the  V  thread  is 
in  many  instances  more  desirable. 

64.  Variations  in  Diameter  of  Standard  Bolts. 

It  will  be  noticed  that  the  United  States  standard  diameters 
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of  bolts  vary  by  sixteenths,  eighths,  and  fourths  of  an 
inch.  Until  recently,  many  makers  used  the  same  number 
of  threads  per  inch,  but  made  the  diameter  of  the  bolt  ^  or 
^  inch  under  or  over  the  standard  diameter ;  thus,  a  f-inch 
bolt  might  be  ^  inch  over  or  under  f  inch  in  diameter. 
Taps  and  dies  made  according  to  this  system  are  still  in  use 
in  many  blacksmith  shops.  Fortunately,  the  confusion 
arising  from  this  cause  is  rapidly  being  done  away  with,  and 
manufacturers  generally  are  adopting  the  single  standard 
system  and  making  all  their  bolts  of  exactly  the  nominal 
diameter.  The  United  States  standard  thread  is  used  on 
commercial  capscrews. 


SHARP,  OR   V,  THREADS. 

65.  This  form  of  thread  has  been  almost  universally 
adopted  for  the  making  of  case-hardened  setscrews.  The 
number  of  threads  per  inch  adopted  by  universal  consent  is 
slightly  different  from  that  employed  in  the  United  States 
standard,  and  is  given  in  the  following  table : 


Diameter  ) 
of  Tap.      y  i 
Inches.      ) 

A 

1 

A 

i 

f 

* 

i 

I 

li 

iJ 

If 

I* 

If 

I* 

li 

2 

Number  of  ) 
Threads    >  20 
Per  Inch.    ) 

i8 

i6 

14 

12 

II 

lO 

9 

8 

7 

7 

6 

6 

5 

5 

4i 

4i 

BRITISH  STANDARD. 

66.  Orlgrln  of  the  System.— In  the  year  1861,  Sir 
Joseph  Whitworth,  of  England,  proposed  a  system  of  stand- 
ards for  screw  threads  to  overcome  the  evils  that  were 
arising  in  England  by  the  use  of  a  great  number  of  indi- 
vidual systems,  each  individual  builder  or  manufacturer 
having  had  his  own  standard  up  to  that  time.  The  system 
that  he  introduced  is  now  the  standard  thread  used  by 
British  manufacturers,  and  the  same  form  has  been  adopted 
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very  largely  throughout  Europe.  The  rounding  of  the  top 
and  bottom  of  the  thread  has  certain  very  desirable  features, 
since  it  adds  greatly  to  the  strength  and  durability  of  the 
screw  and  does  away  with  the  sharp  corners,  which  are  more 
liable  to  be  nicked  or  bruised. 

Most  American  manufacturers  that  are  accustomed  to  the 
United  States  standard  consider  the  difficulty  of  keeping 
up  to  standard  the  necessary  tools  for  producing  these 
curved  points  and  roots  a  sufficient  argument  against 
the  adoption  of  the  British  standard  screw  thread  in  this 
country. 


CUTTING    SCREW    THREADS. 

67.  Methods  of  Cutting  Threads  in  Use. — Screw 
threads  may  be  cut  on  bolts  or  screws  by  either  one  of  two 
methods.  First ^  a  die  may  be  used  that  cuts  the  thread  to 
size  at  one  passage  over  the  work.  Second^  the  work  may 
be  revolved  between  the  centers  of  a  lathe  and  a  single- 
pointed  tool  held  in  the  tool  post  passed  along  the  course  of 
the  thread  a  number  of  times,  so  as  to  remove  the  metal  a 
little  at  a  time. 

68.  Definitions. — When  a  screw  is  cut  upon  the  out- 
side of  a  piece  of  work,  it  is  called  an  external,  or  a  male, 
thread.  When  a  thread  is  cut  on  the  inside  of  a  nut  or 
collar,  it  is  called  an  internal,  or  a  female,  thread. 


CUTTING  THRBADS  BY   HAND. 

69.  General  Consideration.  —  When  accuracy  of 
pitch  is  desired,  or  the  screws  are  long,  the  thread  should  be 
cut  in  a  lathe  between  the  centers,  but  if  a  limited  number 
of  short  threads  is  required,  these  can  be  advantageously 
cut  by  hand  with  dies;  while  if  a  large  number  is  required, 
they  can  be  produced  by  means  of  a  special  bolt-cutting 
machine. 
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70<  Hand  Dies. — Fig.  50  shows  a  die  for  cutting 
threads,  which  is  intended  to  be  operated  by  hand.  It  is 
held  in  a  die  holder,  as  shown  in  Fig.  51. 
When  these  hand  dies  are  used,  the  rod 
to  be  threaded  is  held  in  a  vise.  The  die 
is  then  screwed  down  on  the  end  of  the 
rod  until  the  desired  length  of  screw  has 
been  cut.  Some  pressure  will  be  neces- 
sary to  start  the  die,  but,  after  a  few 
threads  are  cut,  it  will  feed  itself  along 
"""  ™'  as   it  is  revolved.      The   die   shown   in 

Fig.  fiO  is  adjustable  within  certain  limits.  Fig.  52  shows  it 
with  one  half  removed.  Parts  a  and  i  compose  the  die 
proper.     Part  ^  is  a  guide  that  slips  on  the  end  of  the  work 


and  holds  the  die  true  when  starting  the  thread.  Adjust- 
ment is  made  by  the  tapered-head  screw  d.  When  this  is 
screwed  into  the  lower  guide,  it  forces  the  halves  of  the  die 


Fio-tii 

apart  slightly,  which  will  cause  them  to  cut  a  larger  thread. 
When  in  use,  the  two  halves  of  the  die  are  kept  from  spring- 
ing apart  by  being  held  in  the  die  holder. 

71.     Inaccuracy  of  Pitch  of  Thread. — This  method 
is  slow,  as  it  requires  nearly  as  much  time  to  remove  the 
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dies  from  the  work  as  it  does  to  cut  the  thread.  Hand-cut 
threads  can  never  be  depended  on  to  be  true  with  the  axis 
of  the  work,  as  the  guide  does  not  fit  with  sufficient  accu- 
racy to  start  the  dies  perfectly  true.  Worst  of  all  is  the 
inaccuracy  of  pitch.  It  is  not  uncommon  to  find  dies  that 
would  cut  a  thread  which,  if  continued  for  a  foot  in  length, 
would  be  in  error  -J  inch.  With  care,  dies  can  be  made  that 
will  cut  short  threads  with  sufficient  accuracy  of  pitch  for 
commercial  purposes. 

BOLT  CUTXBRB. 

72.      General    Description    of    Bolt    Cutter. — For 

rapid   screw  cutting,   special   machines  are   used.      These 


machines,  called  bolt  cuttem,  rotate  the  dies  while  the 
work  is  held  in  a  chuck  on  the  machine.  Fig.  53  shows  a 
type  of  bolt  cutter  called  a  double-head  machine,  since 
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it  carries  two  heads  or  die  holders.  Work  is  clamped  hori- 
zontally in  the  machine  in  the  jaws  or  chucks  rf,  d  by  means 
of  the  large  hand  pilot  wheels  a^  a.  The  chuck  and  work 
are  moved  up  to  the  dies  c^  c  by  means  of  hand  wheels  b^  b^ 
these  wheels  operating  the  gears,  which  engage  with  the 
racks  shown. 

73.  Automatic  Dies. — The  dies  used  on  bolt-cutting 
machines  are  quite  different  from  the  hand  dies  just  described. 
They  are  automatic  in  action,  so  that  when  the  die  has  cut  a 
sufficient  length  of  thread  on  the  bolt,  a  lever  automatically 
opens  the  die,  causing  it  to  cease  cutting  and  allowing  the 
work  to  be  freely  withdrawn.  This  saves  much  time. 
Fig.  54  shows  one  style  of  special  head  for  bolt  cutters 


PIO.  54. 

designed  to  hold  detachable  dies.  Dies  of  various  sizes  may 
be  used  in  this  head  for  cutting  different  diameters  of  bolts. 
Fig.  55  shows  the  principle  of  this  style  of  automatic  head. 
The  body  of  the  head  b  has  four  radial  grooves  cut  in  the 
end,  in  which  the  four  cutter  dies  d  can  slide.  A  cap  c^ 
fastened  to  the  head  b  with  screws,  holds  the  dies  in  place. 
The  outer  ends  of  the  dies  are  beveled,  as  shown.  The 
ring  r  fits  over  the  head   b  and   partly  over  the  ends  of 
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the  dies.  When  in  the  position  shown  in  the  illustration, 
the  dies  are  open.  To  close  the  dies,  the  ring  r  is  pushed 
in  the  direction  of  the  arrow,  over  the  ends  of  the  dies  to 
the  p>osition  of  the  dotted  lines.  This  forces  each  of  the  dies 
toward  the  center.      When  in  this  position,   the  dies  are 


ready  to  cut.  Levers  are  so  arranged  that  after  a  thread 
of  the  desired  length  is  cut  on  a  bolt,  the  ring  r  is  suddenly 
released  and  moved  back  to  its  normal  position,  as  shown. 
This  releases  the  dies,  which  are  as  quickly  opened  by  the 
cylindrical  portions  a.  Fig.  54,  sliding  in  the  ring  r,  and  the 
dies  cease  to  cut. 

74.  Lubrication. — When  these  machines  are  being 
used,  a  stream  of  lard  oil  is  kept  flowing  on  the  dies  and  the 
work,  to  keep  them  cool  and  to  lubricate  the  cutting  edges. 


TAPPING. 

75.  Use  of  Taps. — The  operation  of  cutting  internal 
threads  is  in  many  respects  similar  to  that  of  cutting 
external  threads.  It  may  be  done  on  the  engine  lathe,  as 
wilt  be  described  later,  or  by  the  use  of  taps,  which  may  be 
operated  either  by  hand  or  machine  power.  The  use  of  taps 
for  cutting  internal  threads  is  the  common  practice,  and 
only  when  large  or  special  forms  of  threads  are  desired  is 
the  lathe  employed. 
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76.     Hand  Taps. — Taps  are  generally  made  from  the 
solid  bar  of  steel.     They  are  accurately  threaded  and  fluted, 

A^^'wvw\^vwvv^^w\___ ^__^ 
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and  then  tempered.    Pig.  56  shows  a  set  of  machinists'  hand 
taps.    A  set  consists  of'a  taper,  a  plug,  and  a  bottoming  tap. 

77.  Tapplns  a  Hole. — When  a  hole  has  been  drilled 
entirely  through  a  piece,  it  is  only  necessary  to  use  the  taper 

tap,  which  may  be  run  entirely  through 

i  the  piece  being  tapped.     When  a  hole 

i  that  has  been  drilled  partly  through  a 

i  piece  is  to  be  threaded  to  the  bottom,  as 

;  shown  in  Fig.  57,  it  is  necessary  to  use 

;  all   three   taps.      In  order  to  start  the 

I  thread,  it  is  necessary  to  use  the  taper 

;  tap.     This  is  screwed  in  until  it  touches 

the  bottom  of  the  hole.     The  plug  tap 

is  next  used,  which,  when  screwed  to  the 

bottom   of   the    hole,    will    cut    "full"   threads   somewhat 

deeper,  and,  for  finishing,  the  bottoming  tap  is  used. 

78.  Machine  Tapping- — For  machine  tapping,  the 
taper  tap  is  used,  the  principal  difference  being  that  it  has 
a  longer  shank  than  the  hand  taper  tap.  The  machines 
used  are  similar  to  those  used  for  bolt  cutting.  The  die 
head  is  removed  and  the  taps  are  held  in  suitable  chucks  in 
the  place  of  the  die  heads. 
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CUTTING    SCREWS    ON    THE    LATHE. 

79.  Accuracy  of  Pitch. — When  screws  of  accurate 
pitch  or  lead  are  desired,  or  when  screws  are  desired  that 
will  be  true  with  the  axis  of  the  work,  they  can  be  cut  with 
more  certainty  on  the  lathe  than  with  dies.  The  accuracy 
of  the  screw  cut  will  depend  on  the  accuracy  of  the  lead- 
screw  in  the  lathe  used.  For  ordinary  threads,  the  ordinary 
leadscrew  is  sufficiently  accurate.  When  greater  accuracy 
is  required  for  such  work  as  making  taps  or  dies,  the  making 
of  precision  screws  for  measuring  instruments,  or  similar 
work,  a  leadscrew  that  has  been  made  with  more  than  ordi- 
nary care  and  has  been  tested  all  along  its  length  must  be 
used. 


CALCUr^ATINO  CHANOB  OBARS. 

SO.  The  Function  of  tlic  Lcadscrciw^  and  Cban^e 
Gears. — When  cutting  screw  threads  the  carriage  is  moved 
by  the  leadscrew.  The  leadscrew  is  caused  to  revolve,  and 
as  it  works  in  a  nut  attached  to  the  carriage,  the  carriage  is 
moved  toward  or  away  from  the  headstock,  according  to  the 
direction  in  which  the  leadscrew  turns.  This  nut  is  split  in 
halves,  and  when  it  is  not  desired  to  move  the  carriage  by 
the  leadscrew,  a  movement  of  a  lever  opens  the  two  halves 
of  the  nut  so  that  they  do  not  engage  wfth  the  leadscrew. 

It  is  at  once  apparent  that  for  every  revolution  of  the 
leadscrew  the  carriage  moves  a  distance  equal  to  the  pitch. 
For  example,  if  a  leadscrew  has  5  threads  per  inch,  its 
pitch  is  \  inch,  and  for  every  revolution  of  the  leadscrew  the 
carriage  moves  \  inch.  If,  now,  the  lathe  spindle  and  with 
it  the  work  on  which  the  thread  is  to  be  cut  turns  exactly 
once  while  the  leadscrew  turns  once,  the  thread  tool  will 
advance  -J  inch,  and  the  thread  thus  cut  will  have  a  pitch  of 
^  inch,  or  the  number  of  threads  per  inch  cut  will  be  the 
same  as  the  number  of  threads  per  inch  on  the  leadscrew,  in 
this  case  5.  If,  further,  the  spindle  turns,  say,  twice  as  fast 
as  the  leadscrew  does,  the  work  will  make  two  turns  while 
the  tool  advances  ^  inch.     In  other  words,  the  resulting 
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thread  will  have  twice  as  many  turns  in  a  given  distance, 
say,  1  inch,  as  the  leadscrew  has.  In  the  present  case,  if  the 
leadscrew  has  5  threads  per  inch,  the  resulting  screw  will 
have  10  threads  per  inch.  If  the  spindle  turns  one-half  as 
fast  as  the  leadscrew,  the  leadscrew  will  make  two  turns 
while  the  work  makes  one  turn.  The  result  of  this  is  that 
the  distance  between  any  two  threads  on  the  work  will  be 
just  twice  that  on  the  leadscrew.  In  other  words,  the 
resulting  pitch  will  be  \  inch,  and  the  number  of  threads  per 
inch  will  be  2J^. 

81.     In  screw  cutting  the  chief  object  to  be  attained  is 
to  make  the  leadscrew  turn  slower  or  faster  than  the  spindle. 


PlO.  58. 


according  to  whether  the  screw  to  be  cut  has  a  greater  or 
less  number  of  threads  per  inch  than  the  leadscrew.  This 
result,  accomplished  by  changing  the  gears  on  the  back  end 
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of  the  lathe,  will  be  understood  more  clearly  by  referring  to 
Fig.  58,  which  shows  the  arrangement  of  the  gearing.  On 
small  work  the  back  gears  are  thrown  out  and  the  cone  pul- 
ley a  turns  the  spindle  and  with  it  the  gear  ^,  which  is  keyed 
to  the  rear  end.  Gear  b  engages  with  the  idler  r,  which  in 
turn  engages  with  gear  d.  Gears  d  and  e  are  keyed  to  a 
hollow  sleeve  on  the  stud  and  revolve  together.  Gear  e 
turns  the  idler  y,  which  transmits  the  motion  to  gear  g  on 
the  end  of  the  leadscrew  i.  It  will  be  noticed  that  gears  b^  d^ 
and  g  turn  in  the  same  direction,  and  that  gears  c  and  /  turn 
in  the  opposite  direction.  Gears  r,  d^  and  //  are  a  part  of  the 
mechanism  used  for  reversing  the  direction  in  which  the 
leadscrew  turns.  As  geared  now,  the  lathe  will  cut  a  right- 
hand  thread.  If,  however,  the  handle  j  were  pushed  down, 
gear  h  would  engage  with  gear  b  and  gears  c  and  g  would 
turn  in  the  opposite  direction  to  that  shown  in  the  cut,  and 
a  left-hand  thread  would  be  cut.  Gears  b  and  d  have  the 
same  number  of  teeth.  Hence  the  only  gears  affecting  the 
revolutions  of  the  leadscrew  with  respect  to  the  spindle  are 
gears  e  and  g.  Either  or  both  qf  these  gears  can  be  changed, 
and  if  changed,  they  will  affect  the  motion  of  the  leadscrew; 
hence,  they  are  called  diansre  gears. 

Suppose  that  the  cone  a^  and  with  it  the  lathe  spindle  and 
gear  ^,  makes  one  revolution.  Gear  d  being  the  same  size 
as  gear  b  will  also  make  one  revolution,  and  as  gear  e  is 
keyed  to  the  same  stud  as  d^  it  will  likewise  make  one  revo- 
lution. If  gear  g  were  the  same  size  as  gear  ^,  gear  ^  would 
also  make  one  revolution,  and  the  number  of  threads  cut  per 
inch  would  then  be  equal  to  the  number  of  threads  per  inch 
in  the  leadscrew.  If,  however,  gear  g  contains  more  teeth 
than  gear  ^,  the  leadscrew  will  not  make  a  complete  revo- 
lution when  the  spindle  makes  a  complete  revolution;  and  if 
gear  g  is  smaller  than  gear  r,  the  leadscrew  i  will  make  more 
than  one  complete  revolution  when  the  spindle  makes  one 
complete  revolution. 

82«  Selecting:  the  Change  Gears  for  a  Simple- 
Geared  Lathe. — Many  lathes  have  on  the  front  side  of 
the  headstock  a  brass  index  plate,  on  which  is  stated  what 
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gears  are  to  be  used  in  order  to  cut  any  particular  number 
of  threads  per  inch.  On  some  lathes  this  index  plate  is 
omitted,  and  it  may  happen,  also,  that  it  is  necessary  to  cut 
a  thread  which  is  not  given  on  the  index  plate.  In  this  case 
it  becomes  necessary  to  make  a  calculation  in  order  to  ascer- 
tain whether  or  not  the  thread  can  be  cut  with  the  change 
gears  in  stock.  Probably  the  easiest  method  of  performing 
this  calculation  is  the  following : 

Suppose  the  leadscrew  has  6  threads  per  inch  and  it  is 
desired  to  cut  a  screw  having  16  threads  per  inch.  Form  a 
fraction  whose  numerator  shall  be  the  number  of  threads 
per  inch  in  the  leadscrew  and  whose  denominator  shall  be 

the  number  of  threads  per  inch  to  be  cut,  in  this  case  — . 
Reduce  this  fraction  to  its  lowest  terms,  obtaining  -.     Now 

o 

multiply  both  terms  of  this  fraction  by  the  same  number 
until  a  new  fraction  is  obtained  whose  numerator  and  denom- 
inator shall  be  numbers  corresponding  to  the  number  of 
teeth  in  two  gears  in  stock.    .In  the  present  case,  multiplying 

.both  terms  of  the  fraction  -  by  8  we  obtain  —      ^  =  —r. 

8     -^  8  X  8       64 

If  we  have  gears  in  stock  having  24  and  64  teeth,  we  can  place 

the  24-tooth  gear  on  the  stud  and  the  64-tooth  gear  on  the 

leadscrew.     In  many  cases  there  will  be  several  selections 

that  can  be  made,  while  in  other  cases  only  one  set  of  gears 

will  cut  the  desired  thread. 

83.  The  work  of  selecting  the  gears  may  be  shortened 
in  the  following  manner:  After  reducing  the  fraction  to  its 
lowest  terms,  refer  to  the  list  giving  the  number  of  teeth  in 
each  of  the  gears  in  stock.  Ascertain  which  of  the  numbers^ 
are  divisible  by  either  the  numerator  or  denominator  of  the 
fraction  without  a  remainder.  Suppose  in  the  preceding 
case  it  was  found  that  among  the  gears  in  stock  was  one 
having  24  teeth,  another  having  27  teeth,  another  having 
36  teeth,  and  so  on.  Now  dividing  24  by  the  numerator  3 
the  result  is  8.     Multiplying  both  terms  of  the  fraction  by  8 
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the  result,  as  previously  shown,  is  — .     If  we  have  a  gear 

with  64  teeth,  it  can  be  placed  on  the  leadscrew  and  the 
24-tooth  gear  can  be  placed  on  the  stud. 

84.  Any  lathe  having  its  gears  so  arranged  that  when 
the  lathe  is  running  there  is  but  one  change  o£  speed  between 
the  stud  and  leadscrew  is  called  a  simple-seared  lathe. 
In  explanation  of  this  definition,  refer  again  to  Fig.  68.  It 
will  be  seen  that  when  the  lathe  is  running,  gear  e  makes  a 
certain  number  of  revolutions  in  a  certain  time,  say,  1  minute, 
while  gear  g  revolves  a  greater  or  less  number  of  times  in 
1  minute  according  to  whether  it  is  smaller  or  larger  than 
gear  e.  It  makes  no  difference  how  many  gears  there  4re 
between  e  and  gy  as  the  speed  of  gear  g  is  not  affected.  In 
fact,  in  the  figure  shown,  so  far  as  the  speed  of  gear  g  is 
concerned,  gear  /could  be  removed  entirely  and  gear  g 
could  mesh  directly  with  gear  e.  In  some  simple-geared 
lathes,  however,  to  avoid  the  use  of  large  gears,  the  fixed 
gear  on  the  stud  is  sometimes  larger  than  the  gear  on  the 
spindle.  In  other  words,  referring  to  Fig.  68,  gear  d  is 
sometimes  larger  than  gear  b.  In  such  cases  gear  b  is  usually 
placed  inside  the  bearing  and  gear  d  is  partly  or  wholly  con- 
cealed in  the  headstock.  As  a  rule,  in  all  such  instances, 
gear  d  has  either  twice  or  three  times  as  many  teeth  as  gear  b, 

85.  Therefore,  the  first  step  in  calculating  the  change 
gears  is  to  ascertain  whether  or  not  gear  d  has  the  same 
number  of  teeth  as  gear  b.  Should  it  be  found  that  gear  d 
is  larger  than  gear  ^,  multiply  the  number  of  threads  per 
inch  in  the  leadscrew  by  the  number  of  teeth  in  gear  d  and 
divide  the  product  by  the  number  of  teeth  in  gear  b.  Use 
this  number  in  all  cases  as  the  numerator  of  the  fraction 
whose  denominator  is  the  number  of  threads  per  inch  to  be 
cut.  For  example,  assuming  that  the  leadscrew  has  6  threads 
per  inch,  that  gear  b  on  the  spindle  contains  24  teeth,  and 
gear  d  contains  48  teeth,  multiply  6  by  48  and  divide  by  24, 

obtaining    — — —  =  12.      In  all  cases  of  calculating  the 
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change  gears  for  a  lathe  of  this  kind,  12  would  be  used  for 

the  numerator  instead  of  6.     For  example,  if  in  the  case 

just  mentioned  it  is  desired  to  cut  13  threads  per  inch,  the 

12 
fraction  will  be  — •     Now  referring  to  the  set  of  gears,  we 

endeavor  to  find  one  whose  number  of  teeth  is  a  number 
divisible  by  13.  Suppose  we  find  one  having  52  teeth. 
Dividing  52  by  13,  the  result  is  4,  and  multiplying  both  terms 

of  the  fraction  by  4  we  obtain  -—       ^  =  — -.     Hence,  if  there 

^  13  X  4        52  ' 

is  a  48-tooth  gear  in  the  set,  it  can  be  placed  on  the  stud  and 

the  52-tooth  gear  can  be  placed  on  the  leadscrew. 

Rule. — I .  For  a  simple  geared  lathe  ^  form  a  fraction  whose 
numerator  is  the  number  of  threads  per  inch  in  the  leadscrew 
and  whose  denominator  is  the  number  of  threads  per  inch  to 
be  cut,  and  reduce  this  fraction  to  its  lowest  terms. 

II.  But  if  there  is  a  fixed  gear  on  the  stud  that  differs  in 
size  from  the  gear  on  the  spindle,  multiply  the  number  of 
threads  per  inch  in  the  leadscrew  by  the  number  of  teeth  in 
the  fixed  gear  on  the  stud  and  divide  the  product  by  the  num- 
ber of  teeth  in  the  gear  on  the  spindle  ;  use  this  result  as  the 
numerator  instead  of  the  number  of  threads  per  inch  in  the 
leadscrew.  • 

III.  Find  from  the  list  of  change  gears  one,  the  number 
of  whose  teeth  is  exactly  divisible  by  either  the  numerator  or 
denominator  of  the  fraction  last  found,  and  fifid  how  many 
times  the  number  representing  the  ninnber  of  teeth  in  the  gear 
selected  contains  the  numerator  or  detiominat  or  of  the  fraction. 
Multiply  both  terms  of  the  fraction  by  this  quotient  and  the 
numerator  of  the  fraction  will  represent  the  number  of  teeth 
in  the  change  gear  on  the  stud,  and  the  denominator  the  num- 
ber of  teeth  in  the  gear  on  the  leadscrew.  If  it  should  so 
happen  that  there  are  no  two  gears  having  the  number  of  teeth 
found  in  this  manner,  repeat  the  process  until  tivo  gears  are 
found  having  the  sa^ne  number  of  teeth  as  are  represented  by 
the  numbers  composing  the  numerator  arid  denomitiator. 
The  gear,  the   number  of  whose   teeth  corresponds  to   the 
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numerator^  should  be  placed  on  the  stud  and  the  other  gear 
on  the  leadscrew. 

Example. — Suppose  the  gear  on  the  spindle  has  24  teeth  and  the 
fixed  gear  on  the  stud  has  60  teeth.  If  the  leadscrew  has  4  threads  per 
inch,  what  change  gears  must  be  used  in  order  to  cut  a  screw  having 
18  threads  per  inch  ? 

Solution. — As  the  fixed  gear  on  the  stud  differs  in  size  from  the 
gear  on  the  spindle,  we  proceed  as  in  II  of  the  rule  just  given,  obtaining 


10 


=  10. 


We  therefore  use  10  for  the  numerator  of  our  fraction,  and  the 
number  of  threads  per  inch  to  be  cut,  or  13  in  this  case,  for  the 

denominator,  obtaining  r^.     Now  there  must  be  a  gear  in  stock  whose 

number  of  teeth  is  exactly  divisible  by  18.  In  other  words,  there  must 
be  a  gear  in  stock  the  number  of  whose  teeth  equals  2  X  18  =  26, 
8  X  18  =  39,  4  X  18  =  52,  or  18  multiplied  by  some  other  small  num- 
ber. Suppose,  on  investigation,  that  a  gear  is  found  having  52  teeth; 
As  18  is  contained  four  times  in  52,  multiply  both  terms  of  the  fraction 

10  10  X  4       40 

Yo  by  4,  obtaining  To  v  a  ~  Ka*    ^^  ^^^  there  is  a  gear  in  stock  having 

40  teeth  it  can  be  placed  on  the  stud  and  the  52-tooth  gear  can  be  placed 
on  the  leadscrew.    Ans. 

86.  Cuttins  Fractional  Threads. — When  the  num- 
ber of  threads  per  inch  to  be  cut  contains  a  fraction,  as  for 
example  11^,  7^,  2|,  etc.,  the  rule  just  given  will  still  apply. 
The  fraction  will  be  formed  in  the  usual  manner.  Being  a 
compound  fraction  instead  of  a  simple  one,  reduce  the  com- 
pound fraction  to  a  simple  fraction  by  multiplying  both 
numerator  and  denominator  of  the  compound  fraction  by 
the  denominator  of  the  fraction  in  the  denominator  of  the 
compound  fraction. 

Example. — Referring  to  Fig.  58,  in  which  the  fixed  gear  on  the  stud 
is  the  same  size  as  the  gear  on  the  spindle,  calculate  the  change  gears 
necessary  to  cut  a  screw  having  2}  threads  per  inch.  Assume  that  the 
leadscrew  has  8  threads  per  inch. 

Solution. — Writing  8  for  the  numerator  and  2}  for  the  denom- 
inator,  we  obtain  the  compound  fraction  — .     The  denominator  of  the 
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fraction  in  the  denominator  of  this  compound  fraction  ia4.    Multiply- 
ing both  terms  of  the  compound  fraction  by  4  we  obtain 
8^  X  4  _  33 
a*  X  4  ~  11" 
Now  in  order  to  cut  this  thread,  there  must  be  a  gear  In  stock  the 
number  of  whose  teeth  is  exactly  divisible  by  II.    Assume  that  we 
have  a  gear  with  88  teeth  in  it,  38  -i-  11  =  S.    Multiplying  both  terms 

of  this  fraction  rr;  by  8  we  obtain  tt  ^  i  ^  ^'  H^"*^'  '^^  B^^''  "n  the 
stud  should  have  tt6  teeth  and  the  gear  on  the  leadscrew  88  teeth.  Ans. 
87.  .Cuttins  Threads  ^^Ith  a  Compound-Beared 
Latbe. — While  a  simple-geared  lathe  has  a  considerable 
range  in  respect  to  the  number  of  different  threads  that 
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can  be  cut,  it  is  usually  limited  when  cutting  threads  of  a 

comparatively  large  or  a  comparatively  small  pitch.    When  it 
is  desired  to  cut  a  thread  having  a  particularly  coarse  pitch, 
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as  for  instance  one  having  a  pitch  of  1  inch  or  more,  it  is 
necessary  to  use  compound  gearing,  both  because  otherwise 
an  extra  large  number  of  change  gears  would  be  required 
in  the  set,  and  because  the  change  gears  themselves  would 
have  to  be  very  large.  The  same  remarks  apply  to  gears 
having  a  particularly  fine  pitch,  as  for  instance  a  pitch  of 
^  inch  or  less.  The  gearing  arrangement  in  a  compound- 
geared  lathe  is  shown  in  Fig.  59.  This  is  the  same  lathe  as 
was  shown  in  Fig.  68,  but  has  a  different  arrangement  of 
gears.  Usually  a  simple-geared  lathe  cannot  be  converted 
into  a  compound-geared  one.  As  in  Fig.  58,  a  is  the  cone 
pulley,  b  the  gear  on  the  end  of  the  spindle,  r,  A,  and  d  are 
gears  attached  to  the  reversing  mechanism,  e  is  the  change 
gear  on  the  stud,  and  g  the  change  gear  on  the  leadscrew. 
Instead  of  connecting  e  and  ^by  an  idler  gear/,  as  in  Fig.  58, 
e  meshes  with  k^  Fig.  59,  and  revolving  on  the  same  shaft 
with  k  and  keyed  to  a  hollow  sleeve,  free  to  turn  on  the 
shaft  is  gear  /,  which  meshes  with  gear  g  on  the  leadscrew ; 
gears  k  and  /  are  both  keyed  to  the  same  sleeve  and  revolve 
together.  The  result  of  this  arrangement  is  that  there  is 
a  change  of  speed  between  e  and  k  and  another  change 
between  /  and  g.  Consequently,  a  compound-geared  lathe 
may  be  defined  as  one  in  which,  when  the  lathe  is  running, 
there  are  two  changes  of  speed  between  the  gear  on  the  stud 
and  the  gear  on  the  leadscrew.  With  a  lathe  geared  as  in 
Fig.  59,  four  gears  may  be  changed,  a  change  in  any  one  of 
which  will  affect  the  motion  of  the  leadscrew.  These  gears 
are  ^,  /,  k^  and  g.  It  should  be  apparent  that  a  far  greater 
range  of  screw  cutting  can  be  obtained  when  there  are  four 
gears  that  can  be  changed  than  when  there  are  only  two 
gears  that  can  be  changed. 

88.  The  process  of  choosing  the  proper  change  gears 
for  compound-geared  lathes  is  very  similar  to  that  pursued 
in  case  of  simple-geared  lathes.  The  first  step  is  to  form  a 
fraction  that  has  for  its  numerator  the  number  of  threads 
per  inch  in  the  leadscrew,  and  for  its  denominator  the  number 
of  threads  per  inch  to  be  cut.  As  described  in  connection 
with  simple-geared  lathes,  if  the  fixed  gear  on  the  stud  differs 

49—22 
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in  size  from  the  gear  on  the  spindle,  instead  of  using  for  the 
numerator  of  the  fraction  the  number  of  threads  per  inch  in 
the  leadscrew,  use  for  this  numerator  the  number  of  threads 
per  inch  in  the  leadscrew  multiplied  by  the  number  of  teeth 
in  the  fixed  gear  on  the  stud,  and  divided  by  the  number  of 
teeth  in  the  gear  on  the  spindle.  Having  found  the  fraction, 
the  next  step  is  to  divide  it  into  two  fractions  whose  product 
shall  be  equal  to  the  fraction  first  found.  Then  treat  each  of 
these  two  fractions  in  the  same  manner  as  was  described  in 
connection  with  simple-geared  lathes,  for  selecting  the 
change  gears.     An  example  will  make  the  process  clear. 

89.  Suppose  that  for  the  lathe  shown  in  Fig.  59,  the 
change  gears  in  the  set  are  as  follows:  18,  18,  36,  39,  42,  48, 
64,  60,  66,  72,  96,  the  numbers  being  the  number  of  teeth  in 
the  gears.  Suppose  further  that  the  leadscrew  has  6  threads 
per  inch  and  that  the  fixed  gear  on  the  stud  has  the  same 
number  of  teeth  as  the  gear  on  the  spindle.  If  it  were 
desired  to  cut  a  screw  having  27  threads  per  inch,  it  would 
be  found  that  with  the  gears  in  stock,  as  given  above,  it 
would  be  impossible  to  cut  this  thread  in  a  simple-geared 
lathe.  This  is  easily  shown  in  the  following  manner.  The 
number  of  threads  per  inch  in  the  leadscrew  being  6,  the 

6         2 
fraction  is  ^  =  q;  the  smallest  gear  in  stock  has  18  teeth  in 

it,  and  18  divided  by  the  numerator  2  is  9.     Multiplying 

2x9      18 
both  terms  of  the  fraction  by  9  the  result  is  -      ^  =  ttt,  and 

^  9  X  9      81' 

there  is  no  gear  in  stock  having  81  teeth.     If  we  attempt  to 

use  the  gear  having  36  teeth  (the  next  largest  in  stock),  it 

will  be  found  that  on  dividing  36  by  2  and  multiplying  both 

terms  of  the  fraction  by  the  quotient  18,  the  result  is  — — . 

As  the   largest  gear  in  stock  contains  only  96  teeth,  the 

result   is    that    there  are   no  gears   available   for   cutting 

27  threads.     However,  let  us  see  if  the  thread  can  be  cut  by 

2        2      1 
using  compound  gearing.    The  fraction  -  =  «  X  «•    Treat- 

ing  each  of  these  two  fractions  in  the  same  manner  as  in  the 
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case  of  simple  gearing,  we  divide  the  number  representing 

the  number  of  teeth  in  the  36-tooth  gear  by  the  denominator 

of  the  first  fraction  3,  obtaining  12.     Multiplying  both  terms 

24 
of  the  fraction  by  12,  we  obtain  ■—,    As  we  have  in  stock  no 

24-tooth  gear,  we  experiment  with  the  72-tooth  gear.    72  -=-  3 
=  24.     Multiplying  both  terms  of  the  fraction  by  24,  we 

obtain  -  =  — .    As  we  have  a  48-tooth  gear  we  proceed 

to  experiment  with  the  other  fraction,  -.     The  smallest  gear 

in  stock  is  18;  hence,  multiplying  both  terms  of  the  fraction 

1  X  18        18 
by  18,  we  obtain  -      10  =  77>  ^^^  ^^  ^^  have  a  54-tooth 

gear,  the  calculation  is  completed,  the  only  thing  that 
remains  now  is  to  determine  where  the  gears  are  to  be 
placed.  The  fractions  themselves  determine  this.  The 
gears  represented  by  the  numerators  mesh  with  the  gears 
represented  by  the  denominators,  and  the  gears  represented 
by  the  numerators  are  in  all  cases  the  driving  gears.  It  is 
usually  more  convenient  to  have  the  smaller  of  the  two  gears 
represented  by  the  numerators  on  the  stud.  Therefore,  put- 
ting the,  gear  having  18  teeth  on  the  stud,  it  becomes  gear  ^, 
Fig.  69.  The  gear  that  meshes  with  this  is  gear  k^  which 
has  54  teeth  in  it.  The  other  gear  on  the  same  spindle  as 
gear  k  is  gear/",  the  numerator  of  the  second  fraction,  which 
has  48  teeth  in  it.  This  meshes  with  gear  ^,  which  has 
72  teeth  on  the  leadscrew.  So  far  as  the  motion  of  the  lead- 
screw  is  concerned,  it  does  not  matter  whether  the  gear  hav- 
ing 18  teeth  or  the  gear  having  48  teeth  is  placed  on  the  stud, 
but  the  arrangement  as  selected  will  probably  be  easier  of  ad- 
justment than  if  the  48-tooth  gear  were  placed  on  the  stud. 
Again,  suppose  it  were  desired  to  cut  a  screw  having 
1  thread  per  inch.  It  would  be  found  impossible  to  do  this 
in  a  simple-geared  lathe  in  which  the  gears  in  stock  were 
those  previously  mentioned,  and  with  a  leadscrew  having 
6  threads  per  inch.  This  is  very  easily  accomplished,  how- 
ever,   when   the   gearing   arrangement   is  compounded   as 
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shown  in  Fig.  69.    Forming  the  fraction,  it  becomes  -.    This 

3      2 

is  equal  to  ^  X  j.     Multiplying  both  terms  of  the  first  frac- 

54 
tion  by  18,  the  result  is  — ,  and  multiplying  both  terms  of 

lo 

72 
the  second  fraction  by  36,  the  result  is  ^rr.     As  we  have  in 

o6         ' 

stock  gears  having  18,  64,  72,  and  36  teeth,  the  gear  having 
64  teeth  will  be  placed  on  the  stud  and  made  to  mesh  with 
one  having  18  teeth.  The  gear  having  72  teeth  will  be 
placed  next  to  the  gear  having  18  teeth,  and  will  mesh  with 
one  on  the  leadscrew  having  36  teeth. 

Rule. — Having  formed  a  fraction  in  the  manner  described 
in  the  rule  for  a  simple-geared  lathe  ^  divide  this  fraction  into 
two  fractions  whose  product  shall  be  equal  to  the  fraction  first 
formed.  Treat  each  of  these  fractions  in  the  fnanner  described 
in  the  rule  for  simple-geared  lathes.  The  numerators  of  the 
two  fractions  zuill  be,  respectively,  the  change  gear  on  the  stud 
and  the  driving  gear  on  the  second  stud.  The  denominators 
will  be  the  gear  meshing  with  the  change  gear  on  the  stud,  and 
the  gear  on  the  leadscrew. 

Example. — With  the  gears  and  leadscrew  mentioned  in  Art.  89, 
what  gears  are  required  to  cut  a  screw  having  40  threads  per Jnch  ? 

Solution. — Assuming  the  fixed  gear  on  the  stud  to  be  the  same  size 

0  O  Q 

as  the  gear  on  the  spindle,  the  fraction  becomes  ta  =  oa*    ^"^  oa 

8        1 
=  r^  X  o-     The  only  gear  in  stock,  the  number  of  whose  teeth  is 

exactly  divisible  by   10  is  the  one  having  60  teeth.     Hence,  since 

60  -4-  10  =  6,  :7Tr  =  — .     As  it  is  probably  advisable  to  use  the 

96-tooth  gear,  and  96  n-  2  =  48,  the  second  fraction  becomes  s  ^  ^ 

48 
=  ^.    Therefore,  the  driving  gears  are  18  and  48  and  the  driven  gears 

are  60  and  96.    Ans. 

90.    Cuttlns  RIstit-Hand  and  Left-Hand  Threads. 

As  lathes  are  commonly  geared,  they  will  cut  a  right-hand 
thread  when  one  intermediate  gear  is  used  and  a  left-hand 
thread  when  two  intermediate  gears  are  used.     The  number 
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of  teeth  in  the  intermediate  gears  has  no  effect  on  the 
thread  cut  so  long  as  they  are  all  in  one  continuous  train 
without  compounding.  In  com  pound -geared  lathes  the 
compound  gears  take  the  place  of  the  intermediate  for 
right-hand  thread  cutting,  while  for  cutting  a  left-hand 
thread,  it  is  necessary  to  introduce  another  intermediate 
gear  into  the  train,  either  between  the  driving  stud  and 
compound  stud  or  between  the  compound  stud  and  the  lead- 
screw.  Most  lathes  have  gearing  in  the  head  for  reversing 
the  feed,  and  in  such  a  case  this  can  be  used  to  reverse  the 
motion  when  cutting  left-hand  threads. 


TBB  THREADING  TOOL. 

91.  Shap«  of  Tbreadlng  Tool. — When  a  screw 
thread  is  to  be  cut,  the  tool  is  ground  and  shaped  as  shown 
in  Fig.  60.  The  tool  is  ground  flat  on  top.  The  side 
faces  NS  and  GK  are  ground  to  form  an  angle  of  60°. 


5^^:^< 


This  angle  is  tested  by  using  a  thread  gauge,  shown  in 
Fig.  61.  When  the  gauge  is  used  to  test  the  angle  of  the 
point  of  the  tool,  it  should  be  held  so  that  it  lies  flat  with 
the  top  face  in  the  line  A  B,  Fig.  60.  If  it  is  desired  to 
measure  the  exact  angle  that  the  two  faces  make  with  each 
other,  the  gauge  should  be  held  at  right  angles  to  the  faces, 
or  along  the  line  PQ.     It  will  be  apparent  that  the  way  the 


60 


LATHE  WORK. 


M 


tool  fits  the  gauge  will  depend  on  the  way  the  gauge  is  held 
to  the  tool.  In  order  to  make  the  angle  at  the  point  along 
the  line  A  B  equal  60°,  it  will  be  necessary  to  make  the 
angle  of  the  faces  along  the  line  PQ2i  little  over  60°.  Little 
attention,  however,  is  paid  to  the  exact  angle,  since  the 
angle  along  the  line  A  B  is  the  important  one.  The  angle 
of  front  rake  and  clearance  of  the  tool  is  shown  by  the 
line  £  F.  This  should  be  about  15°  with  the  perpendic- 
ular CD. 

92.  Grinding  Threadins  Tool. — These  tools  may 
be  ground  by  the  same  method  used  in  grinding  ordinary 
lathe  tools,  the  gauge  being  used  to  test  the  angle  of  the 
point.  Whenever  it  is  possible,  it  is  better  to  grind  the 
tools  in  machines  specially  designed  for  grinding  tools.  With 
these  machines,  it  is  possible  to  grind  more  accurate  angles 
and  truer  faces  than  it  is  by  hand. 

93.  Setting  Threading  Tool. — The  tools  should  be 
clamped  in  the  tool  post  at  such  an  angle  to  the  work,  that 
the  faces  of  the  tool  N  S  and  G  K,  Fig.  60,  will  make  equal 
angles  with  the  work.  This  is  accomplished  by  using  a 
thread  gauge,  as  shown  in  Fig.  62.     The  back  of  the  gauge 
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lies  flat  against  the  work  while  the  point  of  the  tool  is  moved 
so  that  it  just  fits  the  notch  in  the  front  of  the  gauge.  It 
will  be  seen  that  since  the  point  of  the  tool  is  ground  to  an 
angle  of  60°  and  the  sides  of  the  threads  to  be  cut  make  an 
angle  of  60°,  the  angle  between  one  of  the  faces  of  the  tool 
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and  the  work  will  be  an  angle  of  60°.  It  will  therefore  be 
found  more  convenient  on  some  kinds  of  work  to  hold  the 
gauge  as  shown  in  Fig.  63.  When  one  edge  of  the  tool  is 
properly  set,  the  other  edge  will  be  at  the  correct  angle, 
provided  the  tool  is  correctly  ground. 


CUTTING  THE  THRBAD. 

94.  Operation  of  Cuttins  the  Thread. — Before 
starting  the  cut,  care  should  be  taken  that  the  tool  is  firmly 
clamped  in  the  tool  post,  that  the  dog  is  tight  on  the  work, 
and  that  all  gearing  is  properly  adjusted  so  that  nothing 
can  slip  when  the  cut  is  being  made.  The  feed  should  be 
from  right  to  left  when  the  lathe  is  running  forward.  This 
will  cut  a  right-hand  thread.  The  tool  is  moved  forward 
so  that  the  point  just  touches  the  work.  The  lathe  is  started 
forward  and  continues  in  this  direction  until  the  tool  has  fed 
along  the  work  a  distance  equal  to  the  desired  length  of 
thread.  When  the  tool  reaches  that  point,  it  is  quickly 
drawn  away  from  the  work  by  a  turn  of  the  cross-feed  screw 
with  one  hand,  while  the  lathe  is  quickly  reversed  by  swing- 
ing the  shifter  handle  with  the  other  hand.  By  reversing 
the  lathe,  the  work  moves  backward  and  the  tool  will  feed 
back  to  the  starting  point. 


95.     Stop  for 

the  Threading 
Tool. — To  keep  the 
tool  from  cutting  too 
deep,  a  stop  is  ar- 
ranged on  the  cross- 
slide,  as>  shown  in 
Fig.  64.  The  stop  b 
is  rigidly  fastened 
to  the  slide  by  tight- 
ening the  screw  a, 
A  screw  s,  with  a  large  shoulder  and  nurled  head,  passes 
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loosely  through  the  stop  and  screws  into  the  tool  block  /. 
When  the  stop  is  adjusted  as  shown  in  the  figure,  the  tool 
and  tool  block  can  be  moved  away  from  the  work,  since  the 
screw  s  is  not  threaded  to  the  block  6.  When  the  block  is 
moved  forward,  it  can  only  move  until  the  head  of  the 
screw  s  comes  against  the  stop. 

After  the  tool  has  passed  over  the  work  and  it  is  desired  > 
to  take  a  deeper  cut,  the  stop-screw  s  is  unscrewed  a  partial 
turn ;  this  will  allow  the  tool  to  be  advanced  slightly,  depend- 
ing on  the  amount  the  screw  is  turned.  After  the  first  cut 
or  scratch  is  made  on  the  work  with  the  point  of  the  tool, 
it  is  good  practice  to  hold  a  scale  against  the  threads  and 
count  the  number  to  the  inch  to  see  if  the  lathe  is  cut- 
ting correctly.  If  a  mistake  is  discovered,  it  can  be  recti- 
fied, but  if  the  error  of  pitch  is  not  discovered  until  the 
thread  is  cut,  there  is  no  remedy. 


FITTING  THE  THREAD. 

96.  A  Perfectly  Fitted  V  Thread. — As  was  s^own 
by  Fig.  40,  a  V  thread  is  sharp  at  its  point  and  at  its  root. 

If  a  I-inch  thread  were  being  cut, 
the  thread  would  be  complete  when 
the  groove  cut  by  the  tool  just 
formed  the  sharp  point  of  the  thread. 
It  is  difficult  to  know  just  when  this 
point  is  reached,  therefore  the  work 
is  taken  from  the  lathe  and  tested 
with  a  gauge  or  in  the  piece  it  is 
to  fit. 

Fig.    65    represents    a    section 
through  a  bolt  and  nut,  showing  how 
accurately  the  faces  of  the  threads 
^o-  «■  should  fit  each  other. 

97.  Callperlng  Threads.— Before  the  final  testing  in 
the  gauge  or  work,  the  thread  may  be  tested  by  the  use  of 
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specially  prepared  calipers.      These  calipers  are  made  very 
thin  on  their  point,  so  that  they  fit  into  the  V's   of  the 


thread  and  measure  the  diameter  at  the  root,  as  shown  in 
Fig.  66.  The  calipers  may  be  set  from  a  tap  or  a  standard 
gauge. 

98.  Effect    of    Using    a    Dull    Ttareadlng    Tool. 

Fig.  67  shows  a  bolt  that  has  been  threaded  with  a  dull- 
pointed  tool.  Because  of  the  rounded 
point  of  the  tool,  the  threads  are 
rounded  at  the  bottom.  When  this 
kind  of  a  thread  is  tested  in  a  per- 
fectly threaded  nut,  as  shown,  it  will 
be  seen  that  it  will  not  enter  until  the 
thread  is  cut  sufficiently  deep  to  allow 
the  rounded  root  of  the  thread  to  pass 
in.  While  this  may  hold  the  work  so 
that  no  lost  motion  can  be  detected  at 
first,  it  is  evident  that  the  piece  will 
soon  wear  loose,  since  there  is  no  bear- 
ing on  the  sides  of  the  threads.  Ficw. 

99.  Effect  of  Uslnc  a  Dull  Tap. — Fig.  68  shows 
another  case  where  the  nut  to  be  fitted  has  been  cut  with 
a  dull  tap,  which  left  the  threads  slightly  rounded  in  the 
bottom.  When  a  sharp-threaded  screw  of  full  diameter  is 
tried  in  such  a  nut,  it  will  not  enter.     By  cutting  the  screw 
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smaller,  it  will  go  in,  but  the  fit  will  be  as  shown,  the  bear- 
ing being  entirely  on  the  points  of 
the  threads.  In  practice,  when  the 
thread  has  been  cut  to  a  sharp  point 
and  it  will  not  enter,  this  trouble 
should  be  looked  for,  and  if  it  is 
found  that  the  threads  in  the  nut 
are  imperfect,  the  points  of  the 
screw  being  cut  should  be  slightly 
rounded  with  a  file.  A  screw 
thread  should  fit  by  bearing  on  the 
sides  of  the  threads  and  not  on  the 
points. 


lOO.  Advantage  of  Large  Tap  Holes. — In  machine 
construction  where  holes  are  drilled  and  tapped  for  V  threads 
in  various  parts  of  castings, 
it  is  customary  to  drill  the 
holes  slightly  larger  than 
would  be  necessary  to  cut 
such  a  full  sharp  thread  as 
shown  in  Fig.  65.  After  the 
holes  are  tapped,  they  are 
more  nearly  the  shape  shown 
somewhat  exaggerated  in 
section  in  Fig,  69,  where  it 
may  be  seen  that  the  threads 
are  not   full  on    the  points.  ^^^  ^ 

When  a  bolt  is  being  fitted 

to  this  kind  of  a  tapped  hole,  the  necessity  of  keeping  a  very 
sharp  point  on  the  toot  and  cutting  the  thread  sharp  at  the 
root  is  not  so  important. 


lOl.     Effect  of  a  Sllffht  Difference  In  Pltcb  on 

tbe  Fit — Fig.  70  shows  a  section  through  a  bolt  and  nut 
having  slightly  different  pitches.  In  fitting  such  a  bolt,  it 
will  be  found  upon  trial  that  it  enters  the  nut  for  a  few 
turns  easily,  growing  tighter  as  it  is  screwed  in,  with  the 
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appearance  of  being  tapered.  After  more  cutting,  the  bolt 
will  pass  through  the  nut,  appearing  to  fit.    When  the  end  of 

the  bolt  is  once  passed  through  the 

work,  it  will  not  fit  any  more  closely 
as  it  is  screwed  along  the  bolt.  When 
a  bolt  and  a  nut  are  of  slightly  dif- 
ferent pitches,  the  effect  is  much  more 
noticeable  if  the  nut  is  long  than 
if  the  nut  is  shorts  It  may  be  seen 
from  Fig.  70  just  what  the  real  contact 
is.  In  this  case,  the  thread  on  the  bolt 
is  of  a  coarser  pitch  than  the  thread 
on  the  nut,  and  bears  only  on  the  first 
and  last  threads  of  the  nut.  Pio.  m 

102.  Fitting  Threads  on  the  Same  Latbe. — When 

two  threads  are  to  be  cut  that  are  desired  to  fit  each  other 
perfectly,  the  internal  thread  being  long,  it  is  desirable  that 
they  each  be  cut  on  the  same  lathe.  By  the  use  of  the  same 
lathe,  they  can  be  made  to  have  the  same  pitch,  and  if  there 
is  any  error  in  the  pitch,  it  will  be  the  same  in  each  thread. 

103.  Puttlns  \Vork  Back  Into  the  Latlie  After 
Testing. — If,  after  testing  the  work  carefully,  it  is  found 
to  be  too  large,  it  should  be  put  back  into  the  lathe  and  a 
sufficient  number  of  light  cuts  taken  to  reduce  it  to  the 
desired  size.  Care  must  be  taken  to  notice  and  mark  the 
notch  in  the  face  plate  used  for  the  tail  of  the  dog,  and  to 
put  the  dog  back  in  the  same  position  from  which  it  was 
taken.  A  failure  to  do  this  will  cause  the  point  of  the  tool 
to  start  another  thread  that  will  destroy  the  one  nearly 
completed, 

104.  Precautions  to  Observe  la  Thread  Cut- 
tioE- — When  cutting  screws  in  a  lathe,  lard  oil  should  be 
freely  applied  to  the  tool  and  the  work.  The  finishing  cuts 
should  be  light  shaving  cuts.  The  tool  should  be  made 
sharp  and  keen  with  an  oilstone. 
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RB8BTTING  THE  TOOL. 

105.  When  the  tool  has  been  removed  for  sharpening 
or  other  purpose,  it  may  be  reset  as  follows:  Adjust  the  tool 
in  the  tool  post  to  fit  the  gauge,  Fig.  62,  the  same  as  before 
the  thread  was  started.  Turn  the  lathe  forward  and  note 
whether  the  tool  point  comes  opposite  the  cut  in  the  work  or 
not.  If  not,  drop  the  intermediate  gear  c^  Fig.  58,  away  from 
the  gear  b  on  the  spindle.  Turn  the  lathe  forward  until  the 
tool  comes  exactly  opposite  the  notch  or  thread  in  the  work. 
Bring  gears  b  and  c  together  again,  which  will  throw  in  the 
feed,  and  proceed  to  cut  the  thread  as  before.  It  should  be 
noted  that  the  lathe  must  always  be  turned  forwards.  This 
is  to  take  up  the  slack  or  backlash  in  the  gears  and  the  lead- 
screw.  This  backlash  can  be  noted  at  the  time  the  lathe  is 
reversed,  when  it  will  be  seen  that  the  work  may  make  a 
part  of  a  turn  before  the  tool  will  start  to  feed  back.  This 
will  cause  the  tool  to  drag  behind,  and  if  the  tool  should  be 
brought  up  to  the  work  when  it  is  running  backwards,  it 
would  not  fit  in  the  notch  as  it  did  when  the  lathe  was 
running  forwards. 

OPBNING  THE  LBAD  NUT. 

106.  When  cutting  threads  on  the  ordinary  lathe,  after 
the  thread  is  once  started,  the  feed-nut  is  seldom  opened 
from  the  leadscrew.  In  some  cases,  however,  this  is  allow- 
able. Suppose  that  a  screw  with  10  threads  per  inch  is 
being  cut  with  a  leadscrew  of  6  threads  per  inch.  If  the 
feed-nut  is  opened  and  the  carriage  moved  along  one  notch 
or  thread  on  the  leadscrew,  so  that  the  nut  will  just  close 
again  in  the  second  notch,  the  carriage  will  have  moved 
^  inch.  The  point  of  the  lathe  tool  will  also  have  moved 
^  inch.  The  second  notch  or  thread  on  the  screw  being  cut 
is  jV  i^^ch  from  the  first,  so  it  will  be  seen  that  the  point  of 
the  tool  has  moved  a  little  beyond  the  notch  of  the  thread 
being  cut.  If  the  carriage  should  be  moved  2  threads  on 
the  leadscrew,  the  tool  point  would  move  along  |  inch.  This 
position  would  not  correspond  with  any  thread  on  the  screw 
being  cut.     If  we  should  move  it  3  threads  and  close  the  nut, 
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the  tool  point  would  have  moved  |^  or  ^  inch.  At  this  point 
it  would  be  found  that  the  point  of  the  tool  would  come 
opposite  the  fifth  thread  of  the  screw  being  cut,  which  would 
be  ^^  or  ^  inch  on  the  screw  being  cut.  If  we  move  along 
6  threads  or  1  inch  on  the  leadscrew,  we  would  move 
10  threads  or  1  inch  on  the  screw  being  cut.  From  this  it 
will  be  seen  that  in  the  case  of  a  6-thread  leadscrew  cutting 

10  threads,  the  nut  may  be  opened  and  the  carriage  moved 
along,  and  for  every  ^  inch  along  the  leadscrew  the  nut  may 
again  be  closed  on  the  thread  and  the  cutting  proceed  with- 
out damage  to  the  thread ;  for  any  other  position  the  nut 
will  not  close,  or,  if  it  does,  the  tool  point  will  not  come 
opposite  the  thread  being  cut.     If  the  thread  to  be  cut  were 

11  pitch,  it  would  be  found  that  the  nut  could  only  be 
closed  on  the  leadscrew  at  spaces  1  inch  apart.  If  the  thread 
to  be  cut  were  2>\  pitch,  the  spaces  on  the  leadscrew  would 
be  2  iqches  apart.  If  the  threads  to  be  cut  were  6, 12,  18,  24, 
or  any  multiple  of  the  pitch  of  the  leadscrew,  then  the  split 
nut  might  be  opened  and  again  closed  in  kny  place  on  the 
screw  and  the  tool  point  would  be  found  to  come  opposite  the 
thread  being  cut;  for  if  the  tool  moved  ^  inch,  it  would  be 
equal  to  2  threads  on  the  12-thread  screw,  3  threads  on  the 
18-thread  screw,  4  threads  on  the  24-thread  screw,  and  so  on. 

1 07.  W/ien  cutting  a  screw ^  the  number  of  whose  threads 
per  inch  is  exactly  divisible  by  the  number  of  threads  per  inch 
in  the  leadscrew,  the  lathe  need  not  be  reversed,  but  may  be 
allowed  to  run  in  one  direction  all  the  time.  When  the  tool 
has  fed  to  the  end  of  the  cut,  it  is  quickly  drawn  out,  while 
the  feed  is  stopped  by  opening  the  split  nut.  The  carriage 
is  then  moved  back  by  hand,  the  feed  thrown  in,  and  the 
operation  repeated. 

AN  IMPROVED  MGTHOD  OF  GEARING  LATHB  FOR 

SCREW  CUTTING. 

108.  The  operation  of  changing  the  gears  for  every 
desired  pitch  of  screw  consumes  considerable  time  and  offers 
a  chance  to  make  mistakes.  A  new  system  of  gearing  has 
been  introduced  which  is  applied  to  small  lathes.     A  lathe 
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so  geared  is  shown  in  Fig.  71.  In  this  system  all  the 
change  gears  are  on  a  shaft  in  the  gear-box  seen  at  the 
front  of  the  lathe,  directly  under  the  headstock.  To  change 
from  one  set  of  gearing  to  another,  the  knob  tf,  which 
moves  in  the  slot  in  the  gear-box,  is  moved  to  a  position 
indicated  by  the  table.  This  is  a  very  convenient  arrange- 
ment when  compared  with  the  older  methods.  This  particu- 
lar lathe  possesses  another  feature  that  makes  it  desirable 
for  screw  cutting,  viz.,  the  reversing  of  the  feed-motion  by 
a  lever  in  the  apron.  This  makes  it  possible  to  keep  the 
work  running  in  one  direction  all  the  time. 


LATHE  WORK. 

(PART  8.) 


SCREW  CUTTING. 


UNITED    STATES    AND    BRITISH    STANDARD 

THREADS. 


CUTTING  UNITED  8TATBS  STANDARD  THREADS. 

1.  Tool  for  Cutting  United  States  Standard 
Threads. — The  operation  of  cutting  United  States  stand- 
ard threads  is  similar  to  that  of  cutting  V  threads.  The 
only  difference  is  in  the  tool,  and  that  consists  of  grinding 
a  very  small  portion  from  the  point  of  the  tool.  It  will  be 
seen  by  reference  to  Fig.  45,  Lathe  Work^  Part  2,  that  the 
United  States  standard  thread  is  flat  in  the  root.  The  width 
across  the  flat  in  the  root  and  also  at  the  point  of  the  thread 
varies  for  every  pitch  of  thread,  since  one-eighth  the  space 
between  the  threads  is  removed  from  the  points  and  filled  in 
at  the  roots,  and  this  amount  would  vary  with  each  pitch. 
The  tool  should  therefore  be  ground  to  an  angle  of  G0°  as 
for  V  threads,  and  the  proper  amount  taken  from  the  point. 
The  best  way  to  determine  the  amount  to  be  removed  from 
the  point  is  to  try  the  tool  into  a  standard  tap  or  to  have  a 
gauge  to  which  the  tool  can  be  fitted. 

2.  United  States  Standard  Thread  Gauffe. — Such 
a  gauge  is  shown  in  Fig.  1.  The  figures  opposite  the  differ- 
ent notches  indicate  the  notch  to  be  used  in  shaping  the 
tool  for  that  pitch.     The  following  table  gives  the  widths  of 
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TABLE  I. 


UNITED  STATES  STANDARD  SCREW  THREADS. 


Diameter  of 
Screw. 


i 
i 
h 
I 

i 

1 

H 
li 
i| 
H 
li 
li 

n 
n 

3 

H 
H 
H 

4 

H 

4| 

5 

51 

6 


Threads 
Per  Inch. 


20 
18 
16 
14 
13 
12 
11 
10 
9 


8 
7 
7 
6 
6 

H 
5 

5 

H 
4 

4 
H 

a 


n 


Diameter  at 
Root  of 
Thread. 


.1850 
.2403 
.2936 
.3447 
.4001 
.4542 
.5069 
.6201 
.7307 

.8376 
.9394 
1.0644 
1.1585 
1.2835 
1.3888 
1.4902 
1.6152 

1.7113 
1.9613 
2.1752 
2.4252 

2.6288 
2.8788 
3. 1003 
3.3170 

3.5670 

3.7982 
4.0276 
4.2551 

4.4804 
4. 7304 
4.9530 
5.2030 

5.4226 


Width  of 
Flat. 


.0063 
.0069 
.0078 
.0089 
.0096 
.0104 
.0114 
.0125 
.0139 

.0156 
.0179 
.0179 
.  0208 
.0208 
.0227 
.0250 
.0250 

.0278 
.0278 
.0313 
.0313 

.0357 
.0357 
.0385 
.0417 

.0417 
.0435 
.0455 
.0476 

.0500 
.0500 
.0526 
.0526 

.0556 


Double  Depth 
of  Thread. 


.0650 
.0722 
.0814 
.0928 
.0999 
.1083 
.1181 
.1299 
.1443 

.1624 
.1856 
.1856 
.'2165 
.2165 
.2362 
.2598 
.  2598 

.2887 
.2887 
.3248 
.3248 

.3712 
.3712 
.3997 
.4330 

.4330 

.4518 

.4724 
.4949 

.5196 
.5196 
.5470 
.5470 

.5774 
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flats  for  different  pitches  and  also  the  diameter  of  the  screw 
at  the  root  of  the  threads. 


Fio.  1. 

3.     Cutting  United   States  Standard  Threads. — 

When  cutting  United  States  standard  threads,  the  cutting 
is  continued  until  the  space  between  the  grooves  is  equal  to 
the  width  of  the  flat  of  the  desired  thread.  The  mistake  is 
sometimes  made  of  cutting  until  the  thread  comes  sharp 
like  a  V  thread  and  then  cutting  off  the  point.  This  method 
is  incorrect. 


CUTTING   BRITISH   STANDARD   THRBADS. 

4.     Tool  for  Cutting  Britlsti  Standard  Threads. — 

The  operation  of  cutting  British  standard  threads  is  similar 
to  that  just  described.  The  difference  in  thread  is  due  to 
the  shape  of  the  tool.  Every  pitch  of  thread  requires  a 
tool  of  particular  size  and  shape,  the  same  as  the  United 
States  standard,  but  because  of  the  curved  point  and  root  of 
the  thread  (see  Fig.  46,  Lathe  Work,  Part  2),  the  tool  is  much 
more  difficult  to  make.  Fig.  2  shows  the  plan  of  a  tool  as  it 
is  applied  to  the  work.  It  will  be  seen  that  the  point  is 
rounded  and  round  corners  are  formed  on  the  sides  of  the 
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tool,  to  form  the  round  points  of  the  threads.  These  tools 
are  thus  in  reality  forming  tools,  and  are  sharpened  by 
grinding  on  the  top  face. 
The  tools  are  formed  by 
using  a  hob  shaped  like  a 
tap,  with  eight  or  ten  flutes. 
These  hobs  are  accurately 
formed  screws  before  the 
'  flutes  are  cut.  After  the 
hob  is  fluted  and  hardened, 
it  is  held  between  the  lathe 
centers  while  the  blank  tool 
is  held  in  the  tool  post. 
As  the  hob  revolves,  the 
tool  blank  is  fed  up  to  it; 
^'^'  "'  at  the  same  time,  it  is  fed 

along  by  the  leadscrew.  By  repeating  these  operations,  as 
in  cutting  a  screw,  the  blank  is  soon  formed  into  a  thread- 
ing tool.  After  hardening,  it  is  ready  to  be  used  to  cut  the 
desired  screw. 


SPECIAL  THREADS. 


CUTTING  SQUARE  THREADS. 

5.  Tool  for  Cuttlnff  Square  Threads.— The  tool 
used  for  cutting  square  threads  is  similar  to  a  parting  tool 
except  for  its  angle  of 


side  rake,  which  varies 

for  every  diameter  and 

every  pitch  of   thread. 

Suppose  it  is  desired  to 

cut  a  square  thread  of 

ii  threads  per  inch,  as 

shown  in  Fig.  3.     Since 

the    thread    is    J    inch  pro,  s. 

pitch,    the    space     and 

thread  together  would  be  equal  to  ^  inch,  while  the  space  or 
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the  thread  would  each  be  J  inch  wide.  The  tool  therefore 
would  be  i  inch  thick.  It  will  be  seen  from  the  figure  that 
the  space  between  the  threads 
slopes  to  one  side,  as  shown  by 
the  line  c  d.  The  tool,  there- 
fore, must  have  sufficient  side  Fio.«. 
rake  to  allow  it  to  run  freely  in  this  space.  The  angle  of 
side  rake  is  found  by  laying  off  on  the  line  E  F,  Fig.  4,  a 
distance  equal  to  the  circumference  of  the  root  of  the  thread. 
At  F  erect  a  perpendicular  F  R,  equal  to  the  pitch, 
and  draw  E  R.     Angle  R  E  F  is  the  angle  of  side  rake 


%:■ 


or  the  slope  to  one  side  that  the  tool  blade  CD,  Fig.  5, 
should  make  with  the  line  G K.  The  tool  blade  should  be 
ground  thinner  at  the  bottom  than  at  the  top,  so  that  the 
sides  of  the  tool  will  not  rub  against  the  sides  of  the 
thread. 

6.  The  thread  should  be  cut  as  deep  as  it  is  wide,  thus 
making  the  threads  square.  When  the  screws  are  large  and 
it  is  desired  to  finish  the  sides  of  the  threads  very  smooth, 
the  threading  tool.  Fig.  5,  is  made  a  little  thinner  than  the 
desired  width  of  space.  After  the  notch  is  cut  the  desired 
depth,  a  side  tool  may  be  used  for  cutting  the  side  of  the 
threads,  the  blade  being  set  fiat  with  the  side.  Care  must 
be  taken  that  the  tool  does  not  catch  and  spring  into  the 
work. 
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THB  :ia;  OR  acme,  thread. 

7.  Uae    of  Acme    Thread.  —  In   many   instances,  a 

coarse  pitch  screw  is  desired  that  has  but  little  friction  on 
the  sides,  but  is  neither  a  square  thread  nor  a  V  thread. 
-Without  a  standard,  there  are  apt  to  be  differences  in  shape 
used  by  different  manufacturers.  In  order  that  there  may 
be  a  standard,  the  29°  screw  thread,  called  the  acme 
thread,  has  been  proposed,  and  is  extensively  used  in 
many  places  to  take  the  place  of  square  threads. 

8.  Shape  of  Acme  Thread. — The  sides  of  the  thread 
are  inclined  14^°,  making  the  included  angle  29°.     This  is 

the  angle  that  is  used  for 
cutting  worm-threads.  The 
depth  of  the  thread  is  the 
same  as  a  square  thread  of 
the  same  pitch.  Fig.  6  il- 
lustrates the  form  of  the 
thread,  and  the  accompany- 
ing formulas  and  table  give 
the  proportions  for  threads 
of  various  pitches.  It  will 
be  observed  that  the  top  of 
the  thread  does  not  touch 
the  bottom  of  the  space. 
This  opening  represents  the 
clearance,  which  is  provided 
to  insure  a  perfect  fit  upon 


the  sides  of  the  thread. 


9.     The  various  parts  of  29°  screw  thread,  acme  stand- 
ard, are  obtained  as  follows: 
A  =  width  of  point  of  tool  for  screw  or  tap  thread; 
B  =  width  of  point  of  screw  or  nut  thread; 
C  =  diameter  of  tap; 
D  =  diameter  of  screw ; 
£  =  diameter  of  screw  at  root  of  thread; 
T  =  number  of  threads  per  inch ; 
a  =  depth  of  thread. 
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A  = 
£  = 


.3707 

T 
.3707 


-  .0052.  £=D-(y  +  -02 ). 


T  • 
D  +  .02. 


a  =  |-j,H-  .01. 


TABLE  II. 


TABLE  OP  ACME  THREAD  PARTS. 


Number  of 
Threads 

Depth 
of 

Width  at 
Top  of 

Width  at 
Bottom  of 

Space  at 
Top  of 

Thickness 
at  Root 

Per  Inch. 
Linear. 

Thread. 
a 

Thread. 
d 

Thread. 
c 

Thread. 

of  Thread. 

1 

.5100 

.3707 

.3655 

.6293 

.6345 

H 

.3850 

.2780 

.2728 

.4720 

.4772 

2 

.2600 

.1853 

.1801 

.3147 

.3199 

3 

.1767 

.1235 

.1183 

.2098 

.2150 

4 

.1350 

.0927 

.0875 

.1573 

.1625 

5 

.1100 

.0741 

.0689 

.  1259 

.1311 

6 

.0933 

.0618 

.0566 

.1049  , 

.1101 

7 

.0814 

.0529 

.0478 

.0899 

.0951 

8 

.0725 

.0463 

.0411- 

.0787 

.0839 

9 

.0655 

.0413 

.0361 

.0699 

.0751 

10 

.0600 

.0371 

* 

.0319 

.0629 

.0681 

SPRING  OF  THG  TOOI^  ^WHBN  CUTTING  A  THREAD. 

lO.  Cause  of  Spring  of  ttie  Tool.— When  the  tool 
is  slender  or  slightly  dull,  there  is  a  tendency  for  the  tool 
to  spring  to  one  side,  away  from  the  work,  just  at  the  time 
it  is  entering  the  cut.  It  will  be  seen  that,  as  the  tool 
starts  into  the  cut  for  the  first  half  revolution,  the  cutting 
is  done  entirely  along  one  edge.  This  will  tend  to  spring 
the  tool  away  from  the  cut.  After  the  work  has  made  a 
complete  revolution,  the  cutting  on  the  two  sides  of  the  point 
balance  each  other  and  the  tendency  to  spring  the  tool  is 
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reduced.  This  spring  of  the  tool  will  make  the  first  thread 
on  the  work  slightly  thicker  than  the  others,  so  that,  in 
testing  work,  the  nut 'may  be  found  to  be  tight  on  the 
end,  while,  after  it  has  passed  over  this  thick  thread,  the  fit 
will  be  loose.  This  trouble  is  very  apt  to  occur  when  cut- 
ting square  threads.  The  remedy  is  to  run  over  that  part 
of  the  cut  with  the  tool  a  few  more  times,  until  the  thread 
is  cut  down.  This  tendency  to  spring  is  greatly  increased 
when  the  tool  has  insufficient  side  rake  or  clearance. 


11.  Cause  of  Tools  Breaking:.  —  Sometimes  the 
tool  will  show  a  tendency  to  break.  The  point  of  the  tool 
may  be  chipped  off  from  the  right  side,  as  shown 
-♦  ^  in  plan,  Fig.  7.  When  a  tool  shows  this  kind  of 
/\  a  break,  it  is  evidently  caused  by  the  dog  slipping^ 
It  is  evident  that  the  breaking  strain  was  in  the 
direction  of  the  arrow.  When  the  tool  takes  a 
heavy  cut  and  the  dog  slips,  the  work  will  stop 
revolving  while  the  lathe  and  feed  continue. 
When  the  feed  continues  and  the  point  is  in  the 
thread,  the  tool  must  either  slip  or  break.  Some- 
times a  tool  will  break  by  chipping  off  the  top  face, 
as  indicated  in  Fig.  8. 
Fio.  7.  'Phis  kind  of  a  break  in- 
dicates that  the  lathe  was  re- 
versed and  the  work  was  running 
backwards  before  the  tool  was 
withdrawn  from  the  work.  In 
many     instances,    a    careful    ob-  Fio.a 

servance  of  results  will  enable  the  operator  to  determine 
the  cause  of  the  trouble. 


HEIGHT  OF  TOOL  FOR  CUTTING  THRBAD8. 

12.     Correct  Helfflit    of  Thread-Cutting   Tool. — 

When  a  thread  is  being  cut,  the  tool  should  be  at  such  a 
height  that  if  a  line  is  drawn  from  the  center  of  the  work 
through  the  point  of  the  tool,  it  will  just  lie  flat  with  the 
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top  face  of  the  tool.  If  the  tool  is  correctly  ground,  this 
position  wiii  cut  the  correct  angle  of  thread.  When  a  sec- 
tion of  a  thread  is  given,  it  is  always  supposed  to  be  taken 
through  the  axis.  Suppose  we  have  a  correctly  shaped 
thread.  Pig.  9,  and  a  section  is  taken  parallel  to  the  axis 
but  above  it,  as  shown.  By  examining  the  shape  of  the 
threads  at  this  section,  it  is  seen  that  the  sides  are  not 
straight,  but  convex;  also  that  the  height  of  the  thread  ap- 
pears to  be  greater  at  this  section  than  when  a  section  is 
taken  on  the  axis. 


13.     Incorrect  Helfftat  of  Ttaread-Cuttlnc  Tool. — 

If  a  tool  is  correctly  ground,  and  set  as  much  above  the 
center  as  shown  by  the  line  A  B,  Fig.  10,  and  a  thread  is 
cut  to  a  sharp  point,  it  will  be  found  that  on  this  section  the 
sides  of  the  threads  are  straight  and  form  the  correct  angle 
with  each  other.  It  will  be  noticed  that  on  the  line  C/>lhe 
sides  of  the  thread  are  concave,  as  at  a,  and  that  they  are 
not  as  deep  as  they  should  be.  It  will  thus  be  seen  that  by 
setting  the  tool  above  the  center,  an  imperfect  thread  is 


14.  It  is  possible  to  cut  a  perfect  thread  with  the  tool 
above  the  center,  provided  the  tool  is  correctly  shaped  for 
that  position.     A  correct  thread  could  be   cut   by  making 
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the  sides  of  a  tool  curved  as  in  Fig.  11,  these  curves  being 
taken  from  the  curves  of  the  section 
of  the  threads  in  Fig.  9.  The  tool 
must  be  set  as  much  above  the 
center  as  the  section  was  taken. 


1 5.     Top  Rak«  to  ThreadInK 

Tools. — It   will    be    seen   that  the 

ordinary   threading   tool    that  cuts 

^"'"  "■  with     its     two     edges    cannot     be 

given    any    top    rake    or 

keenness.      By    means   of 

the  compound  rest  set  at 

an  angle  of  60°  with  the 

center   line  of  the  work, 

as  shown  in   Fig.  12  {a), 

and    a    tool    shown    in 

Fig.  12  (d),  a  thread  may 

be  cut  with  a  tool  having 

top    rake.      The    tool    is 

ground  so  that  the  broad 

cutting  edge  C  D  makes 

an  angle  of  60°  with  the 

side  of  the  tool,  while  the 

top    face    is    given    slope 

or  top  side  rake.      When 

the     cut     is     taken,     the 

tool  is  fed  into  the  work 

by    the    compound    rest. 

Since     the     rest     is     set 

at    an    angle    of    60°,    it 

may    be    seen    that    the 

side    of     the     tool     A  B  [_ 

will  just  slide  by  the  side 

of    one    thread   while    all 

the  cutting  is  done 

the  keen  edge  CD 

tooL 


a. 


ile    all  f -— "-^ 

e  with  ,  / 

of  the  L  '  '  J 
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CUTTING  DOUBLB  OR  TRIPI^B  THRBAD8. 

16.  Cutting  Double  Threads. — When  a  double 
thread  is  to  be  cut,  it  must  be  remembered  that  two  threads 
are  to  be  cut  in  the  space  that  would  be  required  for  a 
single  thread. 

To  cut  a  double  V  thread,  proceed  as  in  cutting  a  single 
thread  until  the  space  left  between  the  grooves  is  equal  to 
the  width  of  the  grooves,  as  shown  in  Fig.  13.  The  work 
is  then  given  half  a  turn  so  that  the  point  of  the  tool  will  be 
opposite  the  center  of  the 

uncut    part,     as    shown. \^^-a 

The  work  may  be  given 
this  half  turn  by  remov- 
ing it  and  turning  it  so. 
that  the  tail  of  the  dog 
is  in  the  notch  of  the  face 
plate  diametrically  oppo- 
site the  one  used  for  the 
first  thread.  Another  and 
better  method  is  to  dis- 
co nnect  the  feed-gears 
and  then  turn  the  lathe 
and  work  half  a  turn. 
Suppose  a  .change  gear 
with  48  teeth  is  on  the 
stud.  One  of  the  teeth  that  meets  with  the  intermediate 
gear  may  be  marked  with  chalk,  after  which  the  two  gears 
may  be  disconnected.  By  turning  the  lathe  so  that  this 
change  gear  passes  over  half  its  number  of  teeth,  or 
24  teeth,  the  work  will  also  have  made  half  a  revolution. 
The  gears  are  then  brought  together  and  the  second  thread 
cut  the  same  as  the  first.  If  the  lathe  is  compound-geared 
between  the  spindle  and  stud,  instead  of  turning  the  stud 
gear  half  a  turn,  it  is  turned  a  proportional  part,  depending 
on  the  ratio  of  the  compound. 

1 7.  Cutting  Triple  Threads. — To  cut  triple  threads, 
after  the  first  thread  is  cut,  the  space  between  the  grooves 
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should  be  double  the  width  of  the  groove.  The  work  is 
given  a  third  of  a  revolution  and  the  second  thread  cut, 
after  which  another  third  of  a  revolution  is  given  and  the 
third  thread  is  cut.  A  similar  method  is  used  for  cutting 
quadruple  threads. 


INSIDE  SCREW  CUTTING. 

18.  Holdlos  the  Work  for  Inside  Screw  Cut- 
tlnff. — When  an  internal  thread  is  to  be  cut  in  the  lathe, 
the  work  is  held  in  a  chuck  or  on  a  flat  plate,  the  same  as 
for  boring. 

1 9.  Tool  for  Inside  Screw  Cuttias. — Inside  thread- 
ing tools  are  similar  to  boring  tools  except  that  the  point 


is  ground  to  the  shape  necessary  to  cut  the  desired  thread. 
In  grinding  an   inside  threading  tool  for  a  V  or   United 


States  standard  thread,    the    point   is   ground    to  fit    the 
gauge  when  the  back  of  the  gauge  is  nearly  parallel  to  the 
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shank  of  the  tool,  Fig.  14  (a).     If  the  tool  fitted  the  gauge 

when  held  in  the  position  showa  in  Fig.  14  (6),  it  would 

not  go  far  into  the  hole  before  the 

back  of   the   tool  would  touch   the 

work.      Fig.   IS    {a)   and   {d)   show 

methods    of     holding     the     gauge 

against   the   work   in  order  to  set 

the   tool  true.     Fig.   16  shows  the 

result  of    untrue    grinding,    which 

necessitates   setting    the    shank   of 

the  tool  at  an  angle  with  the  axis 

of    the    hole,    and    it    also    shows 

how    the    tool    may   be    pushed   so 

far  away  from  its  cut  at  the  front, 

when  running  the  lathe  backwards, 

that  the   tool   will   drag   in   the  hole   and   spoil   the   first 

threads. 

20.  Stop  for  Inside  Screw  Cuttln|[. — When  cut- 
ting inside  threads,  the  atop  shown  in  Fig.  64,  LatAe  Work, 
Part  2,  may  be  used  by  taking  the  screw  out  of  the  stop  and 
putting  it  in  the  tool  block  so  that  it  comes  between  the 
tool  block  and  the  stop.  For  inside  screw  cutting,  it  is 
necessary  to  move  the  tool  in  an  opposite  direction,  to  take 
the  tool  out  of  the  cut,  from  that  required  in  outside  screw 
cutting.  It  is  therefore  necessary  to  adjust  the  stop-screw 
so  that  the  head  of  the  screw  comes  against  the  stop. 
Deeper  cuts  may  be  made  by  turning  the  screw  into  the  tool 
block. 


TESTING  INSIDE  THREADS. 

21.     Moving    Tool    Aivay    From    ^Tork. — In    most 

cases,  the  work  cannot  be  taken  from  the  lathe  and  must  be 
tested  in  place.  The  tool  can  be  moved  out  of  the  way  by 
reversing  the  lathe  and  allowing  the  carriage  to  feed  back 
far  enough  to  allow  the  gauge  to  be  used.  This  is  a  very 
slow  way  and  need  not  be  used.  Sometimes  it  is  possible  to 
move  the  tool  back,  by  means  of  the  cross-slide,  far  enough 
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to  allow  the  gauge  to  be  used.     If  the  tool  is  brought  back 

to  the  stop  after  the  work  has  been  tested,  it  will  be  in  place 

to  continue   the  work. 

Another   method   is  to 

open  the  feed-nut  in  the 

apron,    and    move    the 

carriage    by   hand   out 

of  the  way.     When  this 

is    done,    some    means 

must     be     provided 

whereby    the    carriage 

can  be  brought  back  to 

the  same  place  and  the 

feed-nut   locked  as  be- 

™-  "■  fore.    This  may  be  done 

by  making  a  mark  on  the  bed  of  the  lathe,  or,  better,  by 

measuring  from  the  point  of  the  tool  to  the  work,  as  shown 

in  Fig.  17.     After  testing,  the  tool  can  be  moved  back  so  that 

the  measurement  is  the  same  as  before  and  the  feed  thrown 

in.     Care  should  be  taken  that  the  lathe  is  not  turned  while 

the  feed-nut  is  opened,  for  it  will  cause  trouble  in  getting 

the  feed  to  start  again  in  the  correct  place. 

22.  When  the  pitch  of  screw  to  be  cut  is  a  multiple  of 
the  pitch  of  the  leadscrew,  this  care  is  not  necessary,  for  the 
tool  will  come  correctly  into  the  cut  whenever  the  feed-nut  is 
closed  on  the  leadscrew.  When  cutting  these  screws  of 
multiple  pitches  of  the  leadscrew,  it  is  possible  to  keep  the 
lathe  running  forwards  all  the  time  by  throwing  out  the 
feed  and  moving  the  tool  and  carriage  by  hand  back  to  the 
starting  point.     This  operation  will  save  much  time. 

23.  Testing:  Inside   Threads  With   a    Gauge. — 

After  the  cutting  tool  has  been  moved  away  from  the 
work,  the  gauge  should  be  screwed  in,  taking  care  to  have 
it  exactly  in  line  witli  the  hole.  Care  should  also  be  taken 
to  see  that  the  first  thread  is  not  thicker  than  the  others, 
owing  to  the  spring  of  the  tool  at  the  beginning  of  the  cut. 
Sometimes  a  tap  is  used  in  place  of  a  gauge,  and  in  this  case 
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the  tap  is  sometimes  allowed  to  take  a  very  light  cut  from 
the  hole,  especially  when  square  threads  are  being  cut. 
When  the  tap  is  used  for  taking  a  light  cut,  in  order  to  finish 
the  thread,  the  tool  is  usually  moved  back  by  means  of  the 
cross-feed,  and  the  tail-center  is  introduced  into  the  center 
in  the  shank  of  the  tap,  so  as  to  guide  it  while  it  is  being 
passed  through  the  work.  Sometimes,  when  the  piece  is  in 
a  rather  light  chuck,  the  latter  may  be  removed  from  the 
spindle  and  the  work  tried  upon  the  piece  that  it  is  to  fit. 
This  is  very  often  done  when  the  thread  being  cut  is  inside 
of  a  new  face  plate  pr  chuck  back,  the  work  being  tried  upon 
the  spindle  of  the  lathe  that  it  is  intended  to  fit  while  it  is 
still  held  in  the  chuck. 


THRBADING  TAPBRBD  WORK. 

24«    Setting  Tool  for  Tlireadliis  Tapered  Work^ — 

In  setting  the  tool  for  taper  turning,  the  gauge  is  put  against 
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the  work  so  that  its  back  is  parallel  to  its  axis  and  the  tool 
is  set  the  same  as  for  parallel  thread  cutting,  as  shown  in 
Fig.  18. 

2S.  Error  In  Pltcli  Due  to  Setting  Over  tbe  Tall- 
Center. — If  the  center  is  set  over,  it  will  give  an  incorrect 
pitch,  and  also  an  incorrect  thread.  This  point  will  be  taken 
up  later,  under  the  head  of  **  Errors  in  Lathe  Work." 
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If  a  taper  thread  is  cut  by  setting  over  the  tailstock,  the 
pitch  of  the  thread  will  not  agree  with  the  pitch  that  would 
be  cut  by  the  use  of  the  taper  attachment.  Suppose  we 
have  the  tapered  piece,  Fig.  19,  to  be  threaded.  The  piece 
is  2  inches  long  and  should  have  a  thread  of  10  pitch.  This 
means  that  for  10  revolutions  of  the  piece,  the  tool  would 


PlO.  19. 

advance  1  inch,  and,  to  advance  2  inches,  it  would  require 
20  revolutions;  therefore  there  should  be  20  threads  on  the 
piece.  When  the  taper  attachment  is  used  and  the  lathe  is 
properly  geared,  this  result  will  be  obtained.  The  tool  will 
start  at  the  end  a^  and,  after  20  revolutions  of  the  work,  will 
have  moved  2  inches  sidewise,  which  will  bring  it  to  the  end  b^ 
the  carriage  moving  in  a  direction  parallel  to  the  line  CD, 

26.  When  the  dead  center  is  set  over,  the  tapered  piece 
will  take  the  position  shown  by  the  dotted  lines.  The 
threading  tool  wilP  move  along  parallel  to  the  face  of  the 
work  and  also  parallel  to  the  center  line  CD,  If  the  cut  is 
started  at  the  end  a  as  before,  20  revolutions  of  the  work 
will  move  the  tool  along  the  face  of  the  work  2  inches,  to  the 
point  e.  It  will  be  seen  that  there  remains  a  part  un- 
threaded, since  the  taper  measured  on  the  slope  is  greater 
than  the  true  length  of  the  piece  measured  parallel  with  its 
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axis.  It  will  therefore  require  more  than  20  turns  to  carry 
the  thread  to  the  end  of  the  piece;  consequently,  there  will 
be  more  than  20  threads  on  the  piece. 

Thus,  it  may  be  seen  that  the  pitch  of  the  thread  on  a 
tapered  piece  depends  on  whether  it  was  cut  by  setting  over 
the  center  or  by  the  use  of  a  taper  attachment.  Tapered 
threads  should  be  cut  with  a  taper  attachment  whenever 
possible. 

SPBCIAJL.  THBBADING  TOOL. 

27.  A  threading  tool,  Fig.  20,  by  means  of  which  many 
of  the  difficulties  in  screw  cutting  that  have  been  mentioned 
may  be  overcome,  has  recently  been  placed  upon  the  market. 


Fio.  ax 
It  consists  of  a  cutter  n,  resembling  a  milling  cutter,  sup- 
ported  upon  a  bracket  b  by  s.  slide  c.     The  device  is  clamped 
upon  the  tool  rest  of  a  lathe  from   which  the  tool  post  has 
previously  been  removed. 
C.  5.    L—14 
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The  cutter  a  has  10  teeth  on  its  circumference,  each  one 
of  which  is  formed  to  cut  deeper  than  the  preceding  one, 
and  gives  the  thread  its  actual  width 
to  the  full  depth  of  the  cut.  For 
instance,  in  Fig.  21,  the  first  tooth 
cuts  the  full  width  of  the  thread  to 
the  line  1,  the  second  cuts  to  the 
line  3,  and  so  on  until  the  tenth 
tooth  cuts  to  the  bottom.    In  Fig.  22, 

F,o,  81.  (''>•  ^^^'  <^>'  ^'^^'  ^'^-  ^"'^  f-^>  ^'^""^  ^^^ 

shape  of  the  teeth  and  the  corre- 
sponding forms  of  the  thread  for  the  first,  second,  third, 
fifth,  eighth,  and  tenth  cuts,  two  and  one-half  times  the 
actual  size  of  a  7-pitch  V  thread. 

28.     The  tool  is  set  up  and  adjusted  for  the  first  cut,  as 
shown  in  Fig.  20,  proper  side  rake  for  either  right-hand  or 


Pin. «, 
left-hand  thread  being  given  by  means  of  an  adjusting  screw 

on  the  far  side  of  the  device,  which  is  not  shown.  The  tooth 
rests  upon  the  support  d,  which  holds  the  top  face  level  with 
the  center  line  of  the  screw.  When  all  adjustments  have 
been  made,  both  the  device  and  the  rest  are  clamped,  and 
the  first  cut  is  taken.  The  rest  is  then  brought  back  to  its 
starting  point  in  the  usual  way.  The  second  tooth  is  brought 
into  position  and  locked  by  throwing  over  the  lever  e  and 
bringing  it  back  into  place.  The  second  cut  is  then  taken, 
and  the  operation  repeated  until  the  tenth  tooth  has  taken 
its  cut.  The  last  tooth  may  be  advanced  in  9  steps  by 
means  of  an  eccentric  stud  and  micrometer  stop.  Each 
step  advances  the  cutter  a  fraction  of  a  thousandth  of  an 
inch,  thus  permitting  very  fine  fits  and  e.xact  duplicates  to  . 
be  made. 
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The  special  advantage  claimed  for  this  tool  is  that  each 
tooth  comes  to  the  work  in  better  condition  than  when  a 
single  tool  is  used,  the  work  being  distributed  over  10  cutting 
edges  instead  of  1.  The  finishing  tool  comes  into  service 
with  a  sharp  point,  while  its  duty  is  comparatively  light. 
Under  these  conditions,  the  lathe  can  be  run  at  a  higher 
speed,  since  the  danger  of  injuring  the  tool  point  by  its  con- 
tinuous use  on  every  cut  has  been  eliminated.  A  perfect 
thread  can,  therefore,  be  formed  in  less  time  without  injury 
to  the  tool.  For  rough  work  many  shops  prefer  the  ordi- 
nary single  tool,  the  thread  being  finished  with  six  or  seven 
cuts. 


THEORY  OF  CUTTING  TOOLS. 


DISCUSSION    OF   CUTTING    PROPERTIES    OF 
TOOLS. 

29.  Theory  of  Cutting  Tools  Applied  to  Hand 
Tooltt. — In  discussing  a  cutting  tool  from  a  theoretical 
standpoint,  attention  will  first  be  given  to  that  part  known 


as  the  cutting  wedge,  which  enters  the  work  and  severs 
or  removes  a  part  known  as  the  sbavlng. 
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The  cutting  qualities  of  a  tool  are  governed  largely  by  the 
shape  of  the  cutting  point  or  cutting  edge.  We  can  best 
understand  the  first  principles  if  we  consider  the  action  of  a 
chisel  when  cutting  a  block  of  wood.  If  we  place  a  chisel  in 
the  center  of  a  block,  as  shown  in  Fig.  3S,  and  apply  pres- 
sure as  indicated  by  the  arrow,  the  chisel  will  be  forced  into 
the  block,  bending  each  side  out  equally  until  the  block  splits. 
The  force  required  to  press  the  tool  into  the  work  will  de- 
pend on  the  strength  of  the  block  and  the  angle  a  of  the  cut- 
ting wedge.  If  we  have  two  blocks  (a)  and  {b).  Fig.  23,  of 
the  same  strength,  it  can  easily  be  proved  by  the  laws  of  phys- 
ics that  it  requires  more  power  to  force  the  blunt  wedge  b 
into  the  work  than  the  more  acute  one  a. 

30.  Fig.  24  (a)  represents  a  chisel  cutting  a  block.  The 
edge  of  the  chisef  is  ground  to  an  acute  angle  a  the  same  as 
the  wedge  in  Fig.  23  (a).  Fig.  24  {b)  represents  a  similar 
block,  being  similarly  cut  with  a  tool  ground  with  a  blunt 
cutting  edge,  the  cutting  angle  b  being  equal  to  the  angle  of 


Fig.  M. 
the  wedge  b.  Fig.  23  {fi).  In  estimating  the  force  necessary 
to  push  each  of  the  tools  along  its  cut,  it  will  be  seen  that 
the  blunt  tool  will  require  the  greater  force,  as  the  blunt 
wedge.  Fig.  23  (^),  required  the  greater  force  to  push  it  into 
the  block.     In  Fig.  24  {a)  the  shaving  is  forced  from  the 
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block  and  slightly  bent  away,  while  in  Fig.  24  [i)  the  sha- 
ving is  very  much  bent  and  broken.  This  bending  and  break- 
ing of  the  shaving  at  the  time  of  severing  it  from  the  block 
absorbs  an  extra  amount  of  power.  The  direction  of  the 
force  required  to  turn  the  shaving  is  represented  graphically 
by  drawing  a  line  at  right  angles  to  the  cutting  face  of  the 
tool.     In  Fig.  M  {a)  the  pressure  on  the  face  of  the  tool  is 


in  the  direction  of  the  arrow  c.  The  intensity  of  the  pres- 
sure varies  with  the  thickness  of  the  shaving.  This  force 
tends  to  hold  the  tool  very  close  to  the  work,  and,  if  it  were 
not  for  the  broad  flat  face  of  the  tool,  it  would  be  pressed 
deeper  into  the  work.  If  the  angle  of  the  tool  be  changed, 
as  in  Fig,  35  {a),  so  that  the  face  of  the  tool  /"does  not  touch 
the  work  except  along  its  cutting  edge  e,  the  pressure  of  the 
shaving  would  be  sufficient  to  force  the  tool  into  the  work  so 
that  as  the  tool  moved  along  it  would  cut  in  the  direction  of 
the  dotted  line, 

31.  In  Fig.  34  [d),  in  which  the  tool  is  very  blunt,  the 
result  of  this  pressure  against  the  tool  is  quite  different. 
The  direction  of  the  pressure  of  the  shaving  is  at  right 
angles  to  the  face  of  the  tool,  as  shown  by  the  arrow  c.  If 
we  divide  this  force  into  two  forces,  one  acting  against  the 
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direction  of  tool  motion  and  the  other  at  right  angles  to  it, 
tending  to  hold  the  tool  into  the  cut,  we  will  find  the  greater 
force  exerted  against  the  direction  of 
tool  motion  and  but  little  pressure 
tending  to  hold  the  tool  against  the 
work.  If  the  tool  were  made  square 
on  the  end,  as  shown  in  Fig.  36,  the 
force  tending  to  hold  the  tool  against 
the  cut  would  be  entirely  eliminated, 
and  the  cutting  action  would  be 
changed  from  a  shaving  to  a  scraping 
action. 

In  these  hand  tools,  which  are  free 

to   move   in    their   natural   directions, 

governed  by  the  angle  of  the  faces,  it 

via.M.  ^jii  ^g  noticed  that  the  tool  is  guided 

by  one  of  its  cutting  faces  sliding  upon  the  heavier  part  of 

the  work,  while  the  other  cutting  face  bends  the  shaving 

out  of  its  place. 

32.  Theory  of  Cuttlns  Tools  Applied  to  Machine 
Tools. — It  has  been  shown  that,  of  the  two  tools  illustrated  in 
Fig.  2i,  less  power  is  required  to  force  the  tool  with  the  acute 
angle  a  than  is  necessary  to  force  the  tool  with  the  blunter 
cutting  edge  b.  This  was  true  when  the  tools  were  free  to 
follow  in  their  natural  courses.  When  the  tool  is  rigidly  held 
in  some  position  and  forced  to  cut  along  some  other  line  than 
its  natural  one,  the  condition  becomes  very  much  changed, 
and  the  power  required  varies  accordingly.  Suppose  the 
tool  with  the  acute  cutting  angle  shown  in  Fig.  24  {ir)  be 
presented  to  the  work  as  shown  in  Fig.  25  {/'),  so  that  its 
cutting  face  makes  the  same  angle  (>  as  the  cutting  face  of 
the  tool  shown  in  Fig.  24  {/;).  If  this  tool  be  rig-i<lly  held  at 
this  angle  and  forced  along  the  work  in  the  direction  of 
the  arrow  rf,  it  will  be  found  that  for  equal  depths  of  cuts  the 
same  amount  of  power  will  be  required  to  move  it  as  in  the 
case  of  the  tool  shown  in  Fig.  24  (^).  From  this  it  may  be 
seen  that  if  a  tool  is  clamped  in  any  position  and  moved  along 
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a  certain  line  of  motion,  the  cutting  action  depends  as  much 
on  the  position  it  holds  relative  to  the  work  as  on  its  exact 
shape. 

33*  Angeles  of  Clearance  and  Keenness. — If  we  con- 
sider the  strength  of  the  two  tools  shown  in  Figs.  24  {b)  and 
25  (^),  it  can  readily  be  seen  that  the  tool  shown  in  Fig.  24  (d) 
is  much  the  stronger  because  of  the  greater  support  given 
to  the  cutting  edge.  In  Fig.  25  (6)  the  cutting  edge  has 
very  little  backing  or  support,  and  it  would  break  at  once. 
When  this  tool  is  held  and  moved  as  shown  in  Fig.  24  {a),  it 
is  in  its  strongest  position.  When  it  is  moved  so  that  its 
face  makes  an  angle  with  the  work,  its  strength  begins  to 
decrease  as  the  angle  c,  Fig.  25  (^),  increases.  This  angle  c, 
which  the  back  face  of  the  tool  makes  with  the  work,  is 
called  the  angle  of  clearance. 

If  the  tool  in  Fig.  24  (a),  which  is  held  in  its  strongest 
position,  is  compared  with  the  tool  shown  in  Fig.  24  (A), 
it  will  be  seen  that  the  latter  is  the  stronger.  This 
strength  is  due  to  the  support  given  to  the  cutting  edge 
because  of  its  bluntness.  The  angle  between  the  cutting 
faces  of  a  tool,  a,  Fig.  24  (a),  and  ^,  Fig.  24  (d),  is  called 
the  ang^le  of  keenness  of  the  tool.  The  strength  of  a 
cutting  tool,  therefore,  depends  on  the  angle  of  clearance 
and  the  angle  of  keenness.  The  angle  of  keenness  of  a  tool 
should  vary  with  the  degree  of  hardness  of  the  material  to 
be  cut.  For  turning  soft  woods,  the  turning  tools  are 
ground  very  keen,  or  so  that  the  cutting  faces  make  a  very 
acute  angle  with  each  other.  In  turning  metals,  the  cutting 
edges  are  made  less  keen,  depending  on  the  hardness  of 
the  metal.  In  some  cases,  such  as  turning  chilled  cast-iron 
rolls,  the  angle  formed  by  the  cutting  edges  is  nearly  90°. 

34*  Angeles  of  Rake  and  Keenness. — Fig.  27  shows 
a  diamond  point  with  lines  drawn  to  indicate  its  angles  of 
rake  and  keenness.  A  B  is  drawn  through  point  O,  parallel 
to  the  base  of  the  tool.  C D  \^  perpendicular  to  A  B  at  O. 
E  F  is  parallel  to  the  top  face  of  the  tool  at  O.  H  K  is 
parallel  to  the  front  edge  of  the  tool  at  O,     Angle  AGE 


24  LATHE   WORK.  §5 

represents  the  angle  of  top  front  rake  of  the  tool.  Angle 
D  O  H  represents  the  angle  of  front  rake.  Angle  E  O  H 
represents  the  angle  of  keenness. 


These  angles  as  here  described  refer  to  the  tool  alone. 
When  the  tool  is  clamped  in  the  tool  post  and  presented 
to  the  work  to  take  a  cut,  these  angles  assume  a  new  rela- 
tion to  each  other,  and  the  cutting  qualities  of  the  tool 
depend  on  these  new  relations.  Fig.  28  shows  the  tool 
properly  set  for  cylindrical  turning. 

35.  Ansles  of  Rake  and  Keenness  of  Lathe 
Tools  When  Applied  to  V^ork. — To  properly  measure 
the  angles  of  the  tool  thus  set,  draw  the  line  A  B  from  the 
center  of  the  work  through  the  point  of  the  tool.  Draw 
C  D  perpendicular  to  A  B  at  0.  Draw  E  F  parallel  to 
the  top  face  of  the  tool  through  the  point  O.  Draw  H  K 
parallel  to  the  edge  of  the  tool.  Angle  A  OE  equals  the 
top  rake  of  the  tool.  Angle  E  0  D  equals  the  effective 
keenness.  Angle  D  O  H 
t  equals  the  angle  of  clear- 
ance. 

It  will  be  noted  that  the 

difference   in   drawing  the 

lines  in  Fig.  27  and  Fig.  2R 

begins   with    drawing    the 

"'o-  »  line  A  B.     After  this  line 

is  properly  drawn,  the  other  lines  follow  in  the  same  course. 

When  the  top  face  of  the  tool  is  ground  sloping  from  one 
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side,  as  shown  in  Fig.  29,  the  tool  has  top  side  rake.  The 
angle  of  top  side  rake  is  measured  by  drawing  A  B  parallel 
to  the  base  of  the  tool  through  the  point  5,  and  E  F  parallel 
to  the  top  face  of  tool  through  the  point  5.  Angle  A  S  E  is 
the  angle  of  top  side  rake. 


CONDITIONS  THAT  GOVERN    THE    SHAPE    OF   THE   TOOL. 

36.  General  Statement. — These  effective  angles  of 
rake,  clearance,  and  keenness  depend  on  (1)  kind  of  metal 
being  cut ;  (2)  hardness  of  metal ;  (3)  character  of  cut^ 
whether  roughing  or  finishing;  and  (4)  particular  manner 
in  which  the  tool  is  set  when  presented  to  the  ivork. 

37.  Effect  of  Kind  of  Metal  Being:  Cut  Upon 
Shape  of  Tool.  —  This  matter  will  be  more  thoroughly 
taken  up  later,  but,  in  general,  it  may  be  stated  that  for 
soft  material,  such  as  mild  steel,  the  angles  are  keener  than 
for  hard  material,  such  as  chilled  cast  iron,  while  for  some 
materials  that  have  a  tendency  to  draw  the  tool  in,  as  brass 
or  copper,  the  ^ngles  may  be  made  very  blunt  indeed — in 
fact,  a  negative  rake  is  often  given  them. 

38.  Hardness  of  Metal.  —  As  before  stated,  the 
angle  of  keenness  varies  with  the  hardness  of  the  material. 
Tools  for  cutting  soft  steel  should  be  ground  with  suffi- 
cient keenness  to  enable  them  to  turn  long,  curly  sha- 
vings. The  character  of  the  shaving  indicates  much 
regarding  the  cutting  of  the  tool.  When  the  shavings 
come  off  in  large  curls  and  are  very  strong,  it  indicates 
that  the  tool  is  properly  ground  and  set  in  the  machine. 
When  the  shavings  come  from  the  work  broken  in  small 
pieces,  it  indicates  that  the  tool  is  laboring  because  of  incor- 
rect setting  in  the  machine  or  incorrect  grinding.  A  word 
of  caution  should  be  given  here  to  those  who,  for  the  first 
time,  experience  the  delight  of  seeing  a  tool,  properly 
ground  and  set,  roll  off  a  beautifully  curled  shaving.  Never  , 
attempt  to  remove  the  shaving  from  the  work  by  taking  it 
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in  the  hand  and  pulling  or  jerking  it.  A  good  steel  shaving 
is  very  strong  and  its  edges  are  as  keen  as  any  knife.  The 
danger  is  that  the  shaving  will  slip  through  the  hand,  cut- 
ting away  the  flesh  in  a  most  painful  way.  To  remove  the 
shaving  from  the  cut,  throw  out  the  feed  and  the  tool  will 
cut  the  shaving  off. 

39.  Rougtalnff  or  Finishing  Cuts. — The  angle  of  top 
rake  depends  on  the  nature  of  the  cut,  whether  roughing  or 
finishing.  Fig.  30  shows  a  piece  of  work  with  the  tool  set  to 
take  a  heavy  rousblng  cut.      Here  the  cutting  is  done 


Fig.  30. 

along  the  edge  O  S  of  the  tool,  the  point  O  doing  a  very 
small  part  of  the  work.  It  is  evident  that  this  tool  should 
be  groimd  to  give  keenness  all  along  the  edye  O  S.  This  is 
done  by  giving  the  tool  top  side  rake. 

When  the  tool  is  used  for  a  finishing  cut,  the  cut  is 
not  deep,  and  most  of  the  cutting  is  done  with  the  point  of 
the  tool  O.  In  this  case,  top  front  rake,  as  shown  in  Fig.  2)*, 
should  be  given.  Top  side  rake  and  top  front  rake  are 
governed  also  by  the  rate  of  ft^cd  used. 

40.  Fig.  ;jl  illustrates  a  case  in  which  the  feed  is  coarse 
and  the  tool  point  bmad,  so  that  the  rale  of  frt-d  per  revolu- 
tion of  the  work  i;i  gre.-itcr  than  the  depth  of  cut.      In  such 
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a  case,  the  top  front  rake  shouSd  exceed  the  top  side  rake. 
When  the  feed  is  fine  compared  with  the  depth  of  cut,  the  top 
side  rake  should  be  the  greater. 

41.  Manner  In  'Wblch 
Tool  Is  Presented  to  Work. 
The  shape  or  width  of  the 
point  of  a  tool  depends  on  the 
feed  used,  and  this  depends  on 
the  nature  of  the  work.  In  fin- 
ishing small  rods,  shafts,  or  spin- 
dies  that  should  be  very  true, 
the  roughing  cut  is  made  deep 
with  as  coarse  feed  as  the  work 

and  the  tool  will  Stand,  while  the  finishing  cut  is  light  and 
the  feed  comparatively  line.  This  line  feed  is  allowable 
because  it  cuts  the  work  very  true,  and  on  small  work  the 
tool  will  quickly  feed  over  it  and  remain  sharp  up  to  tlie 
end  of  the  cut.  On  large  work,  the  method  is  different. 
Deep,  heavy  roughing  cuts  are  taken,  as  before,  but  the 
finishing  cut  is  taken  with  a  tool  that  has  a  broad,  flat  point 
and  a  very  coarse  feed.  When  the  work  is  heavy,  this  form 
of  tool  can  be  used  and  will  turn  comparatively  true,  while 
on  slender  work,  a  broad-nosed  tool  could  not  lie  used  at  all. 
When  it  is  possible  to  use  a  broad-nosed  tool  for  finishing, 
it  should  be  done.  It  saves  much  time  because  of.  the 
coarse  feed  that  can  be  used,  and  the  tool  will  usually 
remain  sharp  until  the  end  of  the  cut,  unless  it  is  a  long  one. 

42.  Change    of    Front    Top    Hake    to    Side    Top 
Rake. — The  angle  of  top  rake  may  be  effectively  changed 
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from  front  top  rake  to  side  top  rake  by  changing  the  angle 
of  the  tool  with  the  work.  Fig.  :W  {a)  shows  a  broad-nosed 
finishing  tool  ground  with  top  front  rake.     This  may  be 
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changed  to  a  very  efficient  roughing  tool  with  top  side  rake, 
by  swinging  it  in  the  tool  post  so  that  it  has  the  position 
shown  in  Fig.  32  {d). 

Special  care  should  be  taken  when  using  a  tool  set  in  the 
manner  shown  in  Fig.  32  {d),  as  if  it  becomes  loose  in  the  tool 
post  it  will  swing  into  the  work  and  may  do  great  damage. 
It  is  always  best  to  have  the  tool  post  in  advance  of  the 
point  at  which  the  tool  is  cutting  so  that  the  tool  will  rotate 
away  from  the  work  if  it  becomes  loose  in  the  tool  post. 
When  working   upon  expensive   material,  the  tool   should 

never  be  set  as  shown  in  Fig.  32  {d), 
but  a  regular  roughing  tool,  such 
as  will  be  described  later,  should  be 
employed. 


43.  Effect  of  Helffht  of  Tool 
on  Angles  of  Rake  and  Clear- 
ance.— It  is  well  to  study  the  effect 
of  setting  the  tool  at  different 
heights,  so  that  any  difficulty  from 
this  cause  may  be  recognized  and 
remedied. 

Fig.  33  shows  a  tool  ground  flat 
on  its  top  face  so  that  according  to 
Fig.  27  it  is  without  top  rake.  By 
applying  this  tool  at  its  highest  pos- 
sible cutting  position,  and  drawing 
the  lines  as  in  Fig.  27,  we  have  an 
effective  angle  of  top  rake  E  O  B^  and 
an  effective  angle  of  keenness  /:  O  D. 
Suppose  this  same  tool  is  next  low- 
ered to  a  position  shown  in  Fig.  34, 
the  point  of  the  tool  being  level  with 
the  axis  of  the  work.  By  drawing 
the  lines  as  before,  we  find  that  the 
line  A  B  coincides  with  the  line  /: /% 
so  that  the  tool  has  no  effective 
top  rake,  and  the  effective  angle  of 
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keenness  B  O  D  is  equal  to  90**.  At  this  point,  the  cutting 
action  changes  from  a  shaving  to  a  scraping  action,  which 
can  never  admit  of  a  deep  cut.  Next,  suppose  the  tool  to 
be  set  below  the  center,  as  shown  in  Fig.  35.  By  drawing 
the  lines  as  before  we  will  find  that  A  B  passes  into  the  tool 
below  the  line  E  F.  In  this  position,  the  tool  has  a  nega- 
tive angle  of  top  rake  E  OB  and  would  do  little  more  than 
scrape  the  work. 

44.     Effect  of  Helfftit  of  Tool  on  Its  Strenstti. — 

The  effect  of  the  position  of  a  tool  upon  its  strength  can 
also  be  seen  from  Figs.  33,  34,  and  35.  In  Fig.  33  the  afigle 
of  clearance  D  O  H  \s  very  small  and  the  cutting  edge  is 
well  supported;  consequently,  the  tool  is  in  its  strongest 
position.  In  Fig.  35  the  angle  of  clearance  D  O  H  is  great, 
and  it  is  easy  to  see  that  the  cutting  edge  cannot  endure 
much  pressure.  From  this  it  will  be  seen  that  a  tool  is 
strongest  when  set  as  high  as  possible  upon  the  work. 


8IDB  RAKB  OF  8IDB  TOOLS. 

45.  Determining  Clearance  Angle  for  a  Side 
Tool. — In  the  case  of  side  tools,  as  shown  in  Fig.  24,  Lathe 
Work,  Part  1,  the  angl^  that  the  side  face  of  the  tool  A  B 
makes  with  the  end  of  the  work  or  with  the  line  CD  drawn 
parallel  to  the  end  of  the  work,  is  called  side  rake.  In 
theory,  this  angle  of  side  rake  or  clearance  should  vary  to 
suit  every  diameter  of  work  and  every  amount  of  feed. 
Having  given  a  rate  of  feed  per  revolution  of  work  and  a 
given  diameter,  the  exact  angle  of  clearance  can  be  esti- 
mated. 

Suppose  we  have  a  side  tool,  with  its  edge  ground  straight, 
set  to  the  work  as  shown  in  Fig.  33,  Part  1,  and  we  wish  to 
find  the  necessary  angle  of  clearance  at  points  a,  d,  and  c 
along  its  cutting  edge,  which  will  allow  it  to  feed  in  the 
direction  of  the  arrow  at  the  rate  of  ^  inch  per  revolution. 
It  is  assumed  to  be  understood  that  if  the  side  tool  were 
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flat  or  had  no  clearance,  it  could  not  cut,  since  it  would 
simply  lie  flat  against  the  work. 

46.  To  estimate  the  angle  of  clearance  for  point  a,  draw 
a  line  A  />,  Fig.  36,  equal  to  the  circumference  of  the  work 
at  point  a.  At  B  erect  a  perpendicular  and  lay  off  E\F 
{\  inch)  from  B  equal  to  the  desired  feed  per  revolution. 
Draw   a   line   through   A  F.      The   angle   B  A  F  indicates 

the  required  angle 
w  of  clearance  for  this 
^  point  of  the  tool.  To 
find  the  correct  an- 
gle of  clearance  for 
point  A,  lay  off  from  A  a  distance  A  C  equal  to  the  circum- 
ference of  the  work  at  b\  at  point  C  erect  a  perpendicular 
and  lay  off  a  distance  C  F'  equal  to  the  desired  feed. 
Draw  A  F',  Angle  F^'A  C  represents  the  necessary  angle 
for  the  tool  at  point  b.  To  find  the  angle  for  point  f,  pro- 
ceed as  before,  laying  oft  A  D  equal  to  the  circumference 
of  the  work  at  point  c.  Angle  F"A  D  will  represent  the 
necessary  angle  at  this  point.  It  will  be  observed  that  the 
angle  gf  clearance  changes  for  each  of  these  points,  increas- 
ing as  it  approaches  the  point  of  the  tool  or  the  center  of 
the  work.  The  correct  shape  for  this  face  of  the  tool  would 
be  a  warped  surface  with  little  clearance  at  the  heel  of  the 
tool  ^,  but  with  considerable  clearance  at  the  point. 

In  practice,  however,  the  tools  are  ground  nearly  flat, 
with  sufficient  clearance  at  the  point  of  the  tool  to  let  it 
cut,  and  the  rest  of  the  cutting  edge  will  have  excessive 
clearance,  but  not  enough  to  cause  any  serious  objection. 


TOOLS  FOR   BRASS   WORK. 

.47*     Shape  and  Settings  of  Tools  for  Brass  Work. — 

The  theory  of  the  shapes  of  tools  and  the  methods  of 
applying  them  to  the  work,  as  just  described,  do  not 
seem  to  be  sustained  in  all  cases  when  applied  to  tools  for 
brass.     This  is  due  largely  to  the  peculiar  nature  of  brass 
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found  in  its  toughness  and  its  flexibility.  These  qualities 
tend  to  cause  a  tool  to  spring  into  the  work  and  the 
work  to  spring  over  the  tool  in  such  a  way  as  to  make 
very  untrue  cuts.  If  the  work  and  the  tool  could  be  held 
with  sufficient  rigidity  to  avoid  all  danger  of  springing,  the 
tool  could  be  ground  with  more  keenness  than  is  allowable 
for  iron  or  steel.  In  practice,  it  is  found  that  the  best 
results  are  obtained  when  the  tool  is  ground  and  set  as 
shown  in  Fig.  34.  This  is  ground  without  top  rake  and 
set  at  the  center  of  the  work.  Other  shapes  of  tools  are 
used  for  brass,  which  will  be  discussed  later,  but,  in  most 
cases,  the  cutting  angles  remain  as  here  indicated. 


BORING  TOOLS. 

48.  Working  Conditions  of  Borlns  Tools.— The 

conditions  under  which  a  boring  tool  must  work  are  most 
unfavorable  for  carrying  out  the  principles  that  naturally 
lead  to  good  results.  The  boring  tool,  because  of  the  long 
slim  arm  required  to  reach  into  the  bottom  of  small  holes, 
lacks  that  rigidity  of  cutting  edge  that  is  essential  in  rapid 
accurate  work. 

49.  Cutting:  Angles  of  Borlnsr  Tools. — By  reference 
to  Fig.  37,  it  will  be  found 
that  the  angles  of  rake  and 
keenness  for  a  boring  tool  may 
be  defined  the  same  as  in  a 
diamond  point.  The  line  A  B 
is  drawn  from  the  axis  of  the 
work  through  the  point  of  the 
tool;  £  F  is  drawn  along  the 
top  face  of  the  tool  through 
the  point  O.  The  angle  B  OF 
represents  the  angle  of  top 
rake.  If  the  tool  be  raised  or 
lowered  in  the  hole,  the  angle 
of  top  rake  will  vary,  as  shown 
in  Figs.  33,  34,  and  35.  Pio.  ot. 


32 


LATHE  WORK. 


§5 


50.  Spring  of  Borlns  Tool». — The  force  necessary 
to  hold  the  point  of  the  tool  up  to  the  cut  depends  largely 
on  the  shape  of  the  point.     Fig.  38  (a)  shows  a  well-shaped 

tool  for  small  work.  The 
point  is  narrow  and  is  shaped 
much  the  same  as  the  point 
of  a  diamond-pointed  tool. 
The  force  tending  to  spring 
the  tool  away  from  the  work 
is  in  the  direction  of  the 
arrow,  at  right  angles  to  the 
line  A  B,  Fig.  38  (d)  shows 
a  tool  with  the  point  more 
rounded,  with  the  force  tend- 
ing to  spring  it  away  from 
the  work  more  at  right 
angles  to  the  shank  of  the 
tool.  Fig.  38  (c)  shows  a 
broad-nosed  tool  with  the 
force  acting  squarely  across 
the  shank  of  the  tool.  This  form  of  tool  would  chatter  and 
spring  away  from  the  work  so  that  it  would  be  difficult  to 
do  much  with  it.  Single-pointed  boring  tools  as  here  shown 
should  have  narrow  points,  as  shown  by  Fig.  38  (a),  and 
should  be  used  with  moderately  fine  feeds.  When  broad- 
edged  boring  tools  are  used  with  very  coarse  feeds,  they  are 
held  in  boring  bars  or  heads,  or  in  some  other  way  than 
here  mentioned. 


Pig.  88. 


51.  Height  of  Borlns  Tools. — The  correct  height 
of  the  boring  tool  in  the  work,  to  give  it  the  strongest* 
and  the  easiest  cutting  position,  is  as  much  beloiv  the  center 
as  it  can  be  set  and  still  have  its  cutting  point  cut.  This 
is  for  the  same  reason  that  the  diamond  point  is  set  above 
the  center  of  the  work.  It  is  not  always  safe  to  set  the  tool 
in  this  low  position,  if  the  tool  is  long  or  springy;  for, 
being  below  the  center,  if  the  tool  should  catch  and  spring 
down,  it  would  spring  into  the  work  more  deeply  and  cause 
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trouble.  Ordinarily,  a  boring  tool  is  set  at  about  the  center 
of  the  work,  it  having  been  ground  so  that  when  thus  set 
it  will  have  but  little  clearance. 

52.  Borlns  Small  Holes. — When  the  hole  is  small, 
the  conditions  are  more  unfavorable. 
Fig.  39  shows  a  section  through  work 
with  the  tool  in  place.  The  tool  nearly 
fills  the  hole.  When  a  line  -^  jff  is 
drawn  from  the  center  through  the 
point  (9,  it  passes  into  the  tool,  show- 
ing that  in  this  position  it  has  nega- 
tive top  rake.  The  best  that  can  be 
done  in  this  case  is  to  grind  the  top  ^®'  *>• 

face  back  from  the  edge  E^  giving  the  tool  a  great  deal  of 
top  side  rake. 


FORMS  OF  CUTTING  TOOLS. 


FORGED  TURNING  TOOLS. 

53.  Diamond-Pointed  Tool. — Thus  far,  the  forced 
diamond-pointed  tool  has  been  the  principal  tool  con- 
sidered for  cylindrical  turning.  This  has  been  done  because 
the  principles  that  have  been  shown  to  govern  its  cutting 
actions  are  applied  in  the  same  way  to  other  forms  of  tools, 
and  the  similarity  of  cutting  edges  will  be  apparent. 

54.  Self-Hardening:  Steel. — During  the  last  few 
years,  specially  prepared  self -hardening  or  air-hardening 
steel  has  taken  a  leading  place  in  the  making  of  lathe  and 
planer  tools.  This  steel  is  so  treated  in  manufacturing  that 
it  does  not  require  heating  and  hardening,  as  does  the  ordi- 
nary tool  steel.  By  heating  it  to  a  dull-red  color  and  allow- 
ing it  to  cool  in  the  open  air  or  in  a  blast  of  air,  it  is  made 
extra  hard.  If  this  kind  of  steel  be  plunged  into  water  while 
it  is  hot,  it  cracks,  which  spoils  the  tool. 

Among  the  advantages  of  self -hardening  steel  are:  Firsts 
its  hardness  will  enable  it  to  hold  a  sharp  edge  when  cutting 
49—26 
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very  hard  material,  such  as  hard  castings,  castings  with  a 
heavy  scale,  steel  castings,  or  similar  work.  Second^  since 
its  hardness  is  little  affected  by  heat,  it  is  possible  to  run  the 
work  much  faster  or  at  a  higher  rate  of  cutting  speed  than 
is  possible  with  the  ordinary  tool-steel  tool.  On  account  of 
these  facts,  it  is  used  almost  universally  in  many  shops. 

The  objections  that  are  raised  against  self-hardening  steel 
are  that  it  is  difficult  to  forge  and  that  it  is  expensive,  cost- 
ing about  four  times  as  much  per  pound  as  ordinary  tool 
steel. 

^  55.     Sbapes  of  Forced  RouKtiinK  T<m>1s. — ^In   for- 
ging self-hardening  steel,  it  can  only  be  worked  at  a  low  heat, 

and  it  is  very  difficult 
to  draw  or  bend  it 
into  such  a  shaped  tool 
as  shown  in  Fig.  27. 
It  is  usually  heated 
and  cut  with  a  hot 
chisel  approximately 
to  shape,  with  little 
forging  or  bending, 
and  is  finally  shaped 
on  the  grinding  wheel.  Fig.  40  shows  an  elevation  and 
plan  of  a  front  tool  as  forged  from  this  kind  of  steel.     The 


Fig.  40. 


F^iG.  41.  Fig.  4a. 

side  A  B  has  been  trimmed  off  to  make  the  cutting  edge, 
the  point  O  bent  up  to  give  top  rake  along  the  line  E  F, 
and   the   heel   cut  off   along  the   line  H  K,  so  that   httle 
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grinding  will  be  required  on  the  front  end  of  the  tool. 
When  the  tool  is  ground,  it  appears  as  shown  in  Fig.  41. 
This  tool  will  be  seen  to  possess  the  same  cutting  angles  as 
shown  in  Fig.  27,  although  it  is  quite  different  in  general 
appearance.  Since  the  point  O  is  at  one  side,  its  cutting 
edge  is  entirely  along  the  edge  A  B.  This  designates  it  as 
a  right-hand  tool  in  contrast  with  one  beveled,  as  shown  in 
Fig.  42,  which  would  be  called  a  left-hand  tool.  The  ordi- 
nary diamond  point,  with  the  point  in  the  center  and  ground 
without  top  front  rake,  may  be  used  to  cut  in  either  direc- 
tion. If  ground  with  top  side  rake,  as  shown  in  Fig.  29,  to 
cut  toward  the  live  center,  it  is  called  a  right-hand  diamond 
point ;  if  ground  sloping  the  other  way,  it  is  called  a  left- 
hand  diamond  point. 

56.  When  heavy  cuts  and  great  strength  are  required, 
the  outline  of  the  cutting  edge  is  curved  and  the  point  con- 
siderably rounded.     This  applies  particularly  to  heavy  work. 


PlO.  48.  PlO.  44. 

Fig.  43  shows  a  form  of  round  nose  used  for  some  kinds  of 
heavy  work.  Fig.  44  shows  a  broad-nosed  tool  used  for 
finishing  when  coarse  feeds  are  permissible. 

57.     Proper  Form  for  Round-Nosed  Tools.  —  For 

some  kinds  of  work,  a  round-nosed  tool,  shown  in  Fig.  45, 
is  used.  This  is  ground  round  on  its  point,  and  top  rake  is 
sometimes  given  by  grinding  a  notch  a  on  the  top  face,  as 
shown.  Grinding  the  top  face  of  a  tool  in  this  way  is  not 
good  practice,  as  it  soon  spoils  the  shape.  If  a  tool  is  to  be 
given  top  rake,  it  should  be  so  forged  that  the  top  rake  can 
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easily  be  ground  without  forming  a  notch  a  on  the  tool. 
Fig.  46   shows  how  such  a   tool   should   be   forged.     This 


style  of  forging  gives  opportunity  to  grind  the  top  face  of 
the  tool  and  keep  the  angles  and  shapes  constant.     Fig.  47 


shows  a  piece  of  work  of  such  shape  that  this  form  of 
tool  is  desirable,  since  it  can  be  set  to  finish  the  faces  a 
and  i  at  the  same  setting.  When 
top  side  rake  is  desired,  it  should 
be  given  by  setting  the  tool  at  an 
angle  to  the  work,  as  shown  in 
Fig.  3-J  ((^),  or  by  grinding  the  tool 
as  shown  in  Fig.  48,  but  never 
allowing  a  corner  or  notch  to  be 
Fio.  46.  formed  as  shown  in  Fig.  45. 
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TOOL  HOLDERS  FOR  TURNING  TOOLS. 

58.  Advantages  of  Tool  Holders. — The  expense  of 
keeping  up  a  stock  of  tools  forged  from  the  bar,  whether  of 
ordinary  tool  steel  or  of  special  self-hardening  steel,  is  great, 
and  this  fact  has  led  to  the  devising  of  many  forms  of 
holders  employing  small  blades  of  steel  to  do  the  cutting. 
The  holder  is  made  the  same  size  as  the  shank  of  the  ordi- 
nary forged  tool.  They  make  a  very  great  saving  in  the 
cost  of  the  steel  used,  as  one  holder  will  be  sufficient  for 
a  great  variety  of  shapes  of  cutting  points,  tools,  or 
blades.  The  blades  may  be  of  the  very  finest  and  most 
expensive  quality  of  steel  and  still  cost  far  less  than  the 
forged  tool. 

59.  Disadvantages  of  Tool  Holders. — The  objec- 
tion to  these  inserted-blade  tools  or  tool  holders  is  that  it 
is  difficult  to  find  a  means  of  clamping  the  small  blade  in 
the  holder  so  that  it  will  have  the  same  rigidity  as  the  forged 
tool.  The  holders  soon  wear,  allowing  the  blades  to  spring. 
This  causes  trouble.  This  is  caused  in  many  cases  by  using 
too  small  a  holder  to  do  the  work.  If  heavy  holders  are 
used  and  comparatively  large  blades,  the  trouble  will  be 
partly  avoided. 

60.  Diamond-Pointed  Tool  Holders.— Figs.  49  and 

50  show  two  styles  of  diamond-pointed  tool  holders.     The 
similarity  of  Fig.  50  to 
the  regular  forged  dia- 
mond   point   is   readily 
seen.      In   Fig.   49   the 
tool  shown  has  the  out- 
line of  a  diamond  point  ^'o-  *®- 
sketched  over  it  in  dotted  lines.     From  this  it  will  be  seen 
that  the  shapes  of  the  cutting  edges  are  identical. 

61.  Grinding  of  Diamond-Pointed  Inserted- 
Blade  Tools.  —  The  methods  of  grinding  these  two  tools 
are  quite  different.     In  Fig.  50  the  cutting  tool  is  ground 
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entirely  on  its  top  face,  which  corresponds  to  the  face  EF^ 
Fig.  27.  This  determines  the  angle  of  keenness,  and  since 
the  angle  of  front  rake  remains  unchanged  in  the  tool,  it  is 
always  set  at  the  same  height  for  a  given  diameter. 

In  Fi^.  49  the  angle  of  top  rake  of  the  tool  is  determined 
by  the  angle  at  which  the  tool  sets  in  the  holder.  Grinding 
should  be  done  entirely  along  the  end  of  the  blade  which  cor- 
responds to  the  face  H K^  Fig.  27.     In  this  case,  if  we  wish 

to  increase  the  keenness  of 
the  tool,  we  grind  it  away  at 
the  heel.  It  must  be  remem- 
bered, however,  that  the  keen- 
ness given  the  tool  by  chan- 
ging its  angle  of  front  rake  will 
not  change  the  effective  keen- 
ness when  applied  to  the  work, 
unless  the  position  of  the  tool 
is  changed.  Grinding  away  the  heel  makes  it  possible  to 
set  the  point  higher  on  the  work.  This  higher  position 
gives  an  increased  angle  of  top  rake  and  therefore  increases 
the  effective  keenness.  Other  forms  of  tool  holders  are 
made  that  are  similar  to  these  and  accomplish  the  same 
purpose. 


FlO.  60. 


THB  PARTING,  OR  C17TTING-OFF,  TOOL. 

62.  Forged  Partlns  Tool.  —  Fig.  51  represents  a 
common  form  of  parting  tool.  This  tool  is  used  for  cutting 
grooves  or  notches  in  work,  for  cutting  square  corners,  or 
for  cutting  off  work  held  in  a  chuck.  The  cutting  edge  of 
the  tool  is  along  the  line  A  B.  The  blade  is  forged  and 
ground  so  that  the  cutting  edge  is  the  thickest  part.  The 
sides  of  the  blade  are  each  ground  with  a  slight  amount  of 
clearance,  as  shown  by  section  C  D  dit  {b).  The  tool  is  sel- 
dom ground  with  top  rake,  keenness  being  given  by  varying 
the  angle  of  front  rake  and  changing  its  height.  When  this 
tool  is  used  as  a  cutting-off  tool,  its  theoretical  height  is 
constantly  changing  as  it  approaches  the  center  of  the  work, 
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and  so  it  should  be  set  at  the  same  height  as  the  center  of 
the  work. 

63.  U»e  of  Partlns  Tool. — Work  held  between  the 
centers  should  not  be  cut  in  two  with  this  tool.  Work  may 
be  partly  cut  in  two  if  care  is  used,  after  which  it  should  be 


taken  from  the  lathe  and  either  broken  or  sawed  apart. 
Fig.  52  shows  the  tool  deep  in  a  cut.  Soon  the  piece  will 
become  so  reduced  in  diameter  that  the  force  required  to 


take  the  cut  will  bend  the  work.  By  bending  the  work  at 
this  small  diameter,  it  will  open  the  notch  on  one  side  and 
close  it  on  the  other,  so  that  the  tool  cannot  pass  through, 
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but  will  become  jammed  in  the  cut.  This  will  result  in 
either  breaking  the  lathe  tool,  or  the  lathe  center  will  be 
broken  or  torn  out  of  the  center  hole. 

64.  Inserted-BIade  Parting  Tool. — Inserted-blade 
tool  holders  are  very  successfully  used  for  parting  tools. 
Fig.  53  shows  one  style  of  inserted-blade  parting  tool.  The 
blade  is  held  in  the  holder  by  the  clamping  screw  s  and  is 


still  further  clamped  when  the  tool  holder  Is  clamped  in  the 
tool  post,  because  of  the  spring  of  the  tool  holder.  Fig.  5i 
shows  another  form  of  bent  parting  tool  with  inserted  blade. 
The  blades  for  these  tools  are  ground  either  concave  on  the 


side  or  thinner  on  the  bottom  edge,  to  give  clearance.  They 
are  made  either  from  self-hardening  steel  or  regular  tool 
steel.  When  the  blades  are  made  from  regular  tool  steel 
and  hardened,  it  is  customary  to  draw  the  temper  along  the 
lower  edge,  which  gives  the  tool  toughness — a  quality  much 
desired. 


XHREADING  TOOLS. 

65.  Forced  Tbreadlne  Tools.  —  A  good  form  of 
threading  tool  for  V  threads  is  shown  in  Fig.  60,  Lathe 
Work,  Part  3.  This  has  an  advantage  over  the  common 
form  shown  in  Fig.  55  in  that  it  does  not  become  thicker 
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each  time  it  is  ground.     This  constant  thickness  is  a  desir- 
able   feature   when    threads    are   to 
be  cut  very  close  to  a  shoulder. 

66.  Inserted-Blade  Ttiread- 
Ing  Tools. — Various  forms  of  tool 
holders  have  been  designed  for  I 
threading  tools.  Fig.  66  shows  one 
of  these  forms  for  V  threads.  The 
tool  is  accurately  made  and  ground  "°-  ^ 

so  that  the  front  faces  form  such  an  angle  with  each  other 
when  the  top  face  is  ground  flat  that  the  angle  of  the 
cutting  edges  will  measure  60°.  These  inserted  blades  are 
sharpened  by  grinding  the  top  face.     Tool  holders  are  made 


for  cutting  square  threads,  blades  of  various  thickness  being 
used  to  cut  the  various  pitches  of  threads.  When  coarse 
pitches  on  small  diameters  are  to  be  cut,  these  tools  cannot 
be  used  because  of  the  excessive  side  rake  required  on  tools 
used  for  this  purpose. 


BBNT  TOOLS. 

67.  Rlsht-Hand  or  Left-Hand  Tools. — For  some 
kinds  of  work,  the  straight  tools 
that  have  been  described  cannot  be 
used,  and  a.  class  of  tools  known 
as  ient  tools  becomes  necessary. 
These  are  classed  as  right-hand  or 
left-hand  tools,  depending  on  the 
Pio,  w,  direction  they  are  intended  to  cut. 
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68.  Bent  Side  Tool.  —  Fig.  57  shows  a  right-hand 
bent  Bide  tool.  This  form  of  tool  is  especially  desirable 
■when  cutting  a  shoulder  that  is  very  close  to  the  lathe  dog, 
as  shown  in  Fig.  58. 

69.  Bent  Parting  Tool.— When  it  is  desired  to  cut 
vork  very  close  to  a  shoulder  or  the  jaws  of  a  chuck,  a  bent 


parting  tool  may  be  used,  as  shown  in  Fig.  59.  The  form 
of  tool  shown  in  Fig.  54  is  particularly  well  adapted  to  this 
class  of  work. 

70.  Bent  Round-Nosed  Tool.  —  Round-nosed  tools 
may  be  bent  either  right  or  left,  to  meet  certain  conditions 
of  work.  The  right-hand  bent  round-nosed  tool  is  often 
used  for  facing,  and  it  makes  a  good  inside  turning  or 
boring  tool. 


BORING  TOOLS. 

7 1 .  Special  Holders  for  Borinc  Tools. — For  boring 
tools  special  holders  with  inserted  blades  are  superior 
to  forged  tools.  Fig.  60  shows  a  special  boring  tool  that  can 
be  held  in  the  tool  post  of  the  lathe.  The  blade  is  held  in 
the  end  of  the  bar  ^  by  a  cap  c,  which  screws  over  the  end  of 
the  bar.  The  ba-  h  can  be  adjusted  in  the  holder  so  that  it 
will  just  pass  through  the  wor> 
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Fig.  61  shows  another  form  of  boring  tool  with  inserted 
blade.  This  form  holds  the  bar  b  very  rigidly  in  a  special 
block  bolted  on  the  lathe  tool  block. 


72.  Advantases  of  Special  Holders  for  Boring 
Tools. — Among  the  advantages  of  this  type  of  tools,  the 
following  may  be  mentioned.  When  the  holes  to  be  bored 
are  small,  a  bar  that  nearly  fills  the  hole  may  be  used.     It 


may  be  set  to  project  beyond  the  holder  just  far  enough  to 
pass  through  the  work.  This  gives  the  tool  the  greatest 
possible  rigidity.  Furthermore,  because  of  the  low  posi- 
tion of   the   cutting   tool,    Fig.  62,    the   cutting   action   is 
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much  better  than  could  be  obtained  with  the  forged  tool 
as  ordinarily  ground. 

For  heavy  work,  the 
style  of  bar  shown  in 
Fig,  60  has  too  much 
spring,  hence  the  form 
shown  in  Fig,  61  should 
be  employed.  The  lighter 
bar  is  very  handy  for 
small  work.  At  times, 
the  clamping  block  shown 
in  Fig.  61  is  split  and 
secured  to  the  tool  block 
by  two  bolts.  These 
Pio-  "■  bolts   hold    the   block   to- 

gether as  well  as  in  place,  and  so  secure  the  bar  6. 


FORMING   TOOLS. 

73*     Under  favorable  conditions,  it  is  possible  to  use  a 
tool  with  a  very  broad  cutting  edge,  8  inches  or  more  in 
width.     These  conditions  are;  rigid- 
ity of  the  work,  rigidity  of  the  tool, 
and  power  of  the  lathe. 

When  a  piece  is  to  be  finished 
with  a  curved  or  irregular  surface, 
as  shown  in  Fig.  63,  special  tools 
can  be  made  that  save  much  time 


TtG.  a.  7l0.  M. 

and  do  much  better  and  more  uniform  work  than  can  be 
done  by  hand.     These  tools  are  carefully  made  so  that  they 
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have  the  proper  clearance  along  the  line  G  H^  Fig.  64,  and 
should  be  sharpened  by  grinding  entirely  on  the  top  face. 
When  used,  they  should  be  set  at  the  same  height  as  the 
center  of  the  work.  On  wrought  iron  or  steel,  a  bountiful 
supply  of  lard  oil  should  be  used.  Very  complicated  forms 
may  be  produced  by  the  use  of  forming  tools. 


SPRING  TOOLS. 

74*  Use  of  Sprlns:  Tools. — In  most  cases,  rigidity  of 
work  and  tool  is  sought  for  the  purpose  of  producing  the 
most  accurate  and  the  smoothest  surfaces.  In  a  few  in- 
stances, the  sprtns  or  elasticity  of  a  tool  is  made  use  of  to 
overcome  a  roughness  of  cut  that  cannot  otherwise  be 
avoided. 

75«  Forms  of  Spring:  Tools.  —  Fig.  65  shows  a 
spring  tool,  or  gooseneck  tool,  as  it  is  sometimes 
called,  applied  to  the 
work.  The  tool  is  set 
level  with  the  center  of 

the  work.    Any  tendency  , 

on  the  part  of  the  tool  | 

or  the  work  to  vibrate  or 

chatter  is  taken  up  by 

the  narrow  springy  part 

of  the  tool.     It  will  be 

seen  that  this  form  of  tool  can  never  dig  into  the  work, 

since  the  pressure  of  the  cut  is  constantly  tending  to  press 

the  edge  away  in  the  direction  of  the  arrow,  in  a  circle 

described  about  the  center  c. 

Fig.  G6  shows  another  form  of  spring  tool  applied  to  the 
work.  This  form  of  tool  is  intended  to  avoid  all  danger  of 
springing  into  the  work.  The  tool  is  so  set  that  as  the 
force  of  the  cut  bends  it  down,  the  point  follows  the  arc  of 
the  circle  as  indicated.  This  circle  is  described  about  the 
point  of  support  of  the  tool.     As  the  tool    springs  down, 
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the  point  will  naturally  move  away  from  the  work,  and  so 
prevent  its  digging  into  the  stock. 


Fig.  m. 


CHATTBRING. 

76.  Cause  of  Cliattertns. — Chattertns  of  the  tool^ 
which  produces  a  rough  corrugated  surface  on  the  work, 
may  be  traced  to  many  sources.  The  action  that  occurs 
when  chattering  takes  place  is  as  follows:  The  tool  is  caught 
by  the  work  and  drawn  in  so  as  to  cut  deeply ;  when  it  has 
sprung  in  a  certain  depth,  the  tool  and  work  are  placed 
under  a  strain  that  causes  them  to  spring  apart.  These 
performances  take  place  in  quick  succession  and  in  more  or 
less  of  a  rhythmical  order,  producing  at  times  a  musical 
sound,  and,  at  other  times,  a  most  discordant  noise.  This 
springing  action  that  takes  place  may  be  traced  to  different 
causes,  as,  to  the  frailty  of  the  work,  as  in  long  slender 
shafts  or  long  pieces  being  turned  upon  slender  arbors;  to 
the  method  of  driving  or  rotating  the  work ;  to  looseness  of 
the  spindle  in  the  headstock  bearings,  or  to  looseness  in  the 
cross-slide  of  the  tool  rest ;  to  looseness  between  the  lathe 
centers  or  to  the  peculiar  shape  or  manner  of  setting  the 
tool.  Broad-edged  tools  have  a  greater  tendency  to  chatter 
than  narrow  ones. 
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77.  Remedies  for  Chatterins. — ^When  a  second  cut 
is  taken  on  a  surface  that  shows  slight  chatter  marks,  they 
may  be  removed  by  grinding  the  tool  so  that  its  top  face  has 
a  slight  angle  of  top  side  rake 
just  sufficient  to  keep  the  broad 
edge  of.  the  tool  from  falling 
into  the  old  chatter  marks.  If 
in  Fig.  67  the  cutting  edge  of 
the  tool  was  at  first  along  the  ^'®-  ^• 

line  A  B,  the  chatter  marks  would  be  parallel  to  it.  These 
chatter  marks  can  generally  be  removed  by  giving  the  tool 
top  side  rake  along  the  line  CD. 

When  remedies  in  the  way  of  adjustment  and  methods  of 
driving  have  been  tried  without  avail,  the  spring  tool  often 
proves  successful  in  removing  the  chatter  marks. 


HAIVO  TOOLS  OR  GRAVBRS. 

78.     Diamond-Pointed    Graver. — Hand    tools,   a& 

their  name  implies,  are  held  in  the  hand  while  operating 
upon  the  work.  Their  cutting  action  depends  on  the  laws 
of  rake  and  clearance.      Their  cutting  power,    compared 

with  tools  held  in  a  slide 
rest,  is  very  small.  Their 
principal  use  in  metal  work- 
ing is  turning  very  small 
pins  and  pivots  on  such 
lathes  as  watchmakers*  or 
small  bench  lathes  for  work- 
ing brass,  and  for  finishing 
curves  and  pieces  of  irregu- 
lar outline.  Chief  among 
ii  these    tools     is    the    dla- 

'^'  mond-polnted     graver. 

It  is  a  piece  of  steel  ground  with  a  bevel  on  the  point,  as 
shown  in  Fig.  68.  When  this  tool  is  used  for  rounding  a 
corner  such  as  the  end  of  a  bolt  or  screw,  it  rests  upon  one 
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corner  r,  Fig.  69,  while  the  edge  A  B  does  the  cutting. 
The  angles  of  rake  and  clearance  are  easily  changed  to 
give  the  best  results  by  changing  the  position  of  the  tool. 


Fig.  «b. 

79.  Round-Nosed  Graver. — Fig.  70  shows  a  round- 
nosed  sraver.  This  tool  is  used  for  finishing  concave 
curves.     The  under  side  lies  flat  on  the  rest  when  it  is  used. 


Fig.  70. 


Gravers  are  commonly  made  from  worn-out  files  of  either 
square  or  rectangular  section.  Their  points  can  be  ground 
to  any  particular  shape  best  suiting  the  work. 


80. 


TOOLS  FOR    BRASS. 

Tools  for  brass  are  usually  drawn  out  nearly  to  a 

point  similar  to  a  round-nosed  tool. 
The  top  face  is  made  flat,  as  shown 
in  Fig.  7i,  while  the  point  is  ground 
similar  to  a  threading  tool  with  the 
point  rounded.  Tools  with  broad 
edges  are  seldom  used  for  brass  un- 
less they  are  some  kind  of  forming 

Fig.  n.  tool.     The  characteristic  features  of 
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a  brass  tool  are:  it  is  flat  on  the  top,  is  set  at  the  cen- 
ter of  the  work  so  that  it  has  no  top  rake,  and  is  ground 
with  more  front  rake  than  similar  tools  used  on  iron  and 
steel. 


TOOL  GRINDERS. 

81.  Tool  Grindins. — It  is  a  common  practice  in 
most  shops  for  each  man  to  grind  his  tools  to  suit  himself, 
the  grinding  being  done  on  grindstones  or  special  emery 
wheels  for  tool  grinding.  The  result  is  a  very  great 
stock  of  steel,  which  is  necessary  to  make  up  the  sets  of 
tools  for  the  different  machines,  and  an  almost  infinite  num- 
ber of  shapes.  The  best  managed  shops  are  n'ow  adopting 
a  system  whereby  the  tools  are  systematically  and  scientific- 
ally ground  by  one  man.  All  tools  are  kept  in  a  tool  room 
and  are  checked  to  the  workmen  as  used.  There  are  a  num- 
ber of  automatic  tool  grinders  on  the  market  designed  for 
this  purpose,  and  some  of  them  are  described  later. 

82.  Machine-Ground  Tools.  —  Fig.  72  shows  a  few 
typical  lathe  tools  as  ground  upon  one  of  the  standard  tool 
grinders.  Fig.  73  shows  some  typical  planer  tools  as  ground 
upon  the  same  machine,  and  Fig.  74  some  slotting  machine 
tools,  threading,  and  other  special  tools.  Figs.  75  and  7P 
illustrate  charts  that  are  sent  out  with  Sellers*  grinding 
machine,  giving  the  clearance  angles  for  grinding  the 
different  tools.  The  numbers  placed  opposite  the  tools  in 
Figs.  72,  73,  and  74  correspond  to  similar  numbers  on  the 
shanks  of  the  tools  in  Figs.  75  and  76.  In  the  case  of  the 
side-finishing  planer  tools  illustrated  in  Fig.  76,  it  will  be 
noticed  that  two  angles  are  given  for  d.  The  upper  angle 
is  the  top  side  rake,  at  right  angles  to  the  cutting  face, 
and  the  lower  angle  is  the  top  rake  in  the  direction  of  the 
cutting  face.  These  charts  and  figures  are  given  simply  to 
show  what  is  considered  good  practice  in  regard  to  the 
shape  of  the  tools. 

49—26 
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(PART  4) 


CUTTING  SPEEDS   AND  FEEDS- 


CUTTING  SPEED. 

1.     Meanins   of  tlie  Term  Cutting  Speed.  —  The 

cutting  speeds  and  feeds  of  machine  tools  is  a  subject  for 
much  careful  study.  The  output  of  work  from  a  machine 
and  the  cost  of  production  depend  very  largely  on  the  cut- 
ting speed  used. 

The  cutting  speed  of  a  machine  tool  is  the  speed  at 
which  it  passes  over  the  surface  of  the  work.  This  speed  is 
measured  in  feet  per  minute.  Before  discussing  cutting 
speeds,  a  very  clear  understanding  should  be  had  of  its 
exact  meaning.  Suppose  the  speed  of  a  lathe  is  such  that 
the  tool  can  cut  in  1  minute  a  shaving  that,  if  it  could  be 
straightened,  would  measure  20  feet  in  length.  The  cutting 
speed  would  then  be  20  feet  per  minute.  If  the  speed  of 
the  lathe  were  such  that  the  tool  would  cut  a  shaving  10  feet 
long  in  1  minute,  the  cutting  speed  would  be  10  feet  per 
minute. 

2*  Relation  Bet^iiveeii  Cutting:  Speed  and  Speed 
of  Work. — Cutting  speed  and  the  speed  of  the  work  must 
not  be  confused.  Two  lathes  are  working  and  each  making 
60  revolutions  per  minute.     One  is  turning  a  piece  1  inch  in 

§  6 
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diameter  and  the  other  a  piece  2  inches  in  diameter.  The 
circumference  of  the  1-inch  piece  is  3.1416  inches,  say 
3.14  inches  and  that  of  the  2-inch  piece  is  6.28  inches.  In 
the  1-inch  piece  the  tool  passes  over  3.14  inches  for  each 
revolution  and  in  60  revolutions  it  would  pass  over  50  X  3.14 
or  157  inches  =  13  feet  1  inch.  The  2-inch  piece  having 
twice  the  circumference  will  pass  over  twice  the  distance  or 
26  feet  2  inches.  These  are  the  cutting  speeds  when  both 
lathes  have  the  same  speed.  It  will  thus  be  seen  that  the 
cutting  speed  varies  directly  with  the  diameter  of  the  work 
when  the  speed  of  the  lathe  remains  constant. 


LIMIT  OP  CUTTING    8PBBD, 

3.  Factors    Limiting    the    Cutting   Speed.  —  The 

cutting  speed  should  always  be  as  great  as  the  nature  of 
the  work  or  the  durability  of  the  tool  will  permit.  The  limit 
of  the  cutting  speed  depends  on  the  durability  of  the  tool. 
A  tool  that  will  cut  well  when  the  work  is  running  at  a  low 
cutting  speed  will  not  cut  well  nor  endure  long  when  the 
cutting  speed  is  much  increased.  The  limit  may  be  ascer- 
tained by  a  number  of  speed  trials.  At  a  moderately  low 
speed  the  tool  retains  its  edge,  but  if  the  speed  be  increased, 
the  tool  will  heat  at  the  point,  the  temper  will  be  started, 
and  the  point  softened  and  quickly  worn  away.  As  soon  as 
the  cutting  point  or  edge  is  dulled,  the  friction  increases 
and  greater  heat  is  generated,  so  that  in  a  very  short  time 
the  entire  point  of  the  tool  will  be  worn  away. 

4.  The  greatest  speed  at  which  the  tool  will  retain  its 
cutting  edge  a  sufficiently  long  time  to  turn  a  fair  amount 
of  work  is  the  limit  of  cutting  speed.  Iron  or  steel 
running  at  high  speeds  soon  removes  the  temper  so  that  the 
tool  will  not  cut.  Soft  pieces  of  steel  that  could  easily  be 
turned  at  a  low  speed  would,  when  running  rapidly,  wear 
away  the  point  of  the  hardest  tool  nearly  as  fast  as  if  the 
tool  were  brought  against  a  rapidly  revolving  emery  wheel. 
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This  limit  of  cutting  speed  varies  greatly.  In  attempting 
to  determine  this  limit,  it  will  be  found  that  it  depends 
largely  on,  firsts  the  kind  of  metal  being  turned  ;  second^ 
the  hardness  of  that  particular  piece ;  thirds  the  cut,  whether 
it  be  a  heavy  roughing  cut  cJr  finishing  cut ;  and,  fourthy 
the  diameter  and  length  of  the  work. 

5.     Effect  of  Kind  of  Metal  on  Cutting  Speed. — 

The  cutting  speed  is  greater  for  soft  metals  than  for  hard. 
This  is  illustrated  in  the  high  speed  used  for  wood-cutting 
tools.  Copper,  brass,  babbitt,  and  similar  metals  will  admit 
of  a  much  higher  cutting  speed  than  cast  iron  or  steel. 
One  reason  why  copper  will  admit  of  a  higher  cutting  speed 
than  iron  is  because  it  is  softer  and  less  force  is  required  to 
turn  the  shaving;  consequently,  less  heat  is  generated  at  the 
cutting  point  of  the  tool.  Moreover,  copper  is  such  an 
excellent  conductor  of  heat  that,  as  soon  as  heat  is  gen- 
erated, it  is  at  once  conducted  from  the  point  of  the  tool  so 
that  the  heat  cannot  accumulate  as  fast  as  in  iron  or  steel. 
It  will  be  found  in  turning  iron  or  steel  that  the  work  and 
the  shank  of  the  tool  keep  quite  cool,  most  of  the  heat  being 
concentrated  at  the  point  of  the  tool  and  in  the  shaving. 
Whatever  the  metal  being  turned,  the  speed  must  be  slow 
enough  to  give  the  heat  time  to  pass  into  the  work 
before  it  becomes  sufficient  to  draw  the  temper  on  the 
tool.  The  reason  the  tool  becomes  so  much  hotter  than 
the  work  is  that  the  tool  is  constantly  cutting,  while  the 
work  is  continually  changing  its  position  and  bringing  new 
points  in  contact  with  the  tool.  This  allows  the  heated 
part  of  the  work  to  cool  while  it  is  completing  the  rest 
of  the  revolution.  The  shaving,  which  is  light  com- 
pared with  the  mass  of  the  work,  has  no  way  of  distrib- 
uting its  heat  except  by  radiation,  and,  consequently, 
it  comes  away  from  the  work  at  a  temperature  nearly 
equal  to  that  at  the  point  of  the  cutting  tool.  To  a 
certain  degree,  the  rotating  of  a  large  piece  tends  to 
keep  the  point  of  the  tool  cool,  for  it  no  sooner  severs 
a  part  of  a  shaving  at  one  point  on  the  surface  of  the 
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work  than  a  second  point  is  presented  to  it,  and  so  on  around 
the  work,  the  tool  constantly  being  forced  into  cool  metal, 
which,  for  an  instant,  would  tend  to  cool  the  point  of  the 
tool. 

6.  When  the  tool  is  exceedingly  sharp,  a  greater  amount 
of  heat  is  generated  by  the  force  required  to  turn  the  sha- 
ving than  by  the  act  of  severing  it.  The  force  required 
to  press  a  sharp  tool  into  the  work  depends  on  the  angle  of 
the  side  faces,  and  if  a  blade  could  be  made  infinitely  thin, 
with  its  edge  infinitely  sharp,  it  would  be  found  that  the 
mere  act  of  severing  a  shaving  would  require  very.little  power. 
For  illustration,  the  thin  blade  of  a  cheese  knife  will  pass 
easily  through  a  cheese,  while  a  thick,  wedge-shaped  knife 
will  require  a  heavy  pressure.  This  is  caused  by  the 
necessary  bending  aside  of  the  parts  before  the  blade  can 
enter  farther. 

7.  It  may  therefore  be  assumed  that  the  heat  generated 
in  taking  a  cut  is  due  to  the  bending  and  turning  aside  of 

the  shaving,  and  to  the  friction  of  the 
shaving  on  the  top  face  of  the  tool  and 


|Iil|t|iii!r     ^J m  of  the  work  on  the  front  face.     This 

applies  to  a  tool  with  a  sharp  edge. 
This  fact  in  part  accounts  for  the  pe- 
culiar wear  that  is  sometimes  noticed 
^'°-  *•  on  tools  that  are  considered  excellent. 

Fig.  1  shows  a  tool  as  it  is  sometimes  worn  after  taking  a  out 
on  steel.  It  will  be  noticed  that  the  cutting  edge  a  b  has 
retained  its  original  sharpness,  while  immediately  behind  it 
a  small  groove  c  has  been  worn. 

This  peculiar  wear  may  be  explained  by  assuming  that  the 
cutting  edge  possessed  an  unusually  fine  temper,  being  of 
sufficient  hardness  to  retain  its  keen  cutting  qualities  and 
at  the  same  time  being  tough  enough  not  to  break.  This 
keen  edge  severed  the  shaving  with  ease  and  caused  but 
little  heat.  As  fast  as  it  entered  the  work,  it  was  constantly 
coming  in  contact  with  cool  points.     This  tended  to  keep 
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the  edge  cool.  At  the  instant  the  shaving  was  severed 
or  cut  loose  from  the  work,  it  was  at  once  turned  from  its 
course  by  sliding  on  the  top  face  of  the  tool.  The  heat  thus 
generated  slightly  softens  the  top  face  of  the  tool,  and  the 
shaving  tends  to  wear  away  this  top  face  as  it  turns  and 
slides  from  the  tool.  This  is  more  apt  to  occur  when  light 
cuts  are  being  taken  at  high  speeds. 

At  high  speeds,  the  edge  of  the  tool  is  more  rapidly  cooled 
because  of  the  rapid  succession  at  which  the  cool  points  on 
the  work  are  brought  against  it.  At  slower  speeds,  with 
heavy  cuts,  the  heat  from  turning  the  shaving  overbalances 
the  cooling  action  of  the  work;  consequently,  the  edge  of 
the  tool  becomes  hot  and  suffers  from  it.  It  must  not  be 
inferred  from  these  statements  that  a  tool  will  stand  better 
at  a  high  than  at  a  low  rate  of  speed.  Such  is  not  the 
case.  If,  in  the  case  of  the  tool  shown  in  Fig.  1,  the  speed 
had  been  slightly  reduced,  the  tool  would  have  done  the 
work  just  as  well  and  would  not  have  been  worn  on  the  top 
face.  This  simply  shows  that  in  this  case  the  limit  or  criti- 
cal cutting  speed  had  been  reached,  and  increasing  it  even 
slightly  would  have  ruined  the  tool. 

8.     The  power  required  to  force  a  tool  into  the  cut  de- 
pends on  the  angles  made  by  the  cutting  faces,  and  the  harder 
the  material  being  cut,  the  less  acute 
should  the  cutting  angle  be.   This  large      f^ 
angle  of  the  cutting  faces  is  necessary      = 
to  support  the  cutting  edge,  since,  for 
hard  materials,  the  tool  must  be  exceed- 
ingly hard,  otherwise  the  sharp  edge 
will  be  pressed  down  and  rounded.  This 

is  what  really  does  occur  as  a  tool  dulls.  The  keen  cutting 
edge  is  worn  off  so  that  it  becomes  a  rounded  surface,  as 
shown  in  much  exaggerated  form  at  a,  Fig.  2.  As  soon  as 
the  keen  edge  becomes  rounded,  heat  is  generated  at  this 
edge  as  it  is  forced  to  sever  the  shaving,  and  the  more  it 
becomes  rounded,  the  more  heat  is  generated,  until  at  last 
the  tool  will  cease  to  cut.     If  the  edge  were  sufficiently  hard 


6  LATHE  WORK.  §6 

to  resist  the  pressure  of  very  hard  material,  it  would  be  so 
brittle  that,  unless  the  cutting  edge  were  well  supported,  the 
tool  would  break.  Keen  acute  angles  would  cut  more  easily 
and  be  more  desirable  if  they  would  not  break. 

9«  It  is  thus  seen  that  for  hard,  tough  materials,  hard 
tools  with  little  top  rake  must  be  used,  while,  for  softer 
materials,  greater  keenness  or  top  rake  may  be  given.  Be- 
cause of  the  greater  power  required  to  force  tools  having  little 
keenness  into  the  work,  a  greater  amount  of  heat  will  be 
developed.  Since  the  limit  of  cutting  speed  is  governed  by 
the  amount  of  heat  generated^  it  will  be  seen  that  the  tool 
having  the  greater  angle  of  keenness  must  be  used  at  a  lower 
speed  than  the  acute  one,  otherwise  it  tuill  pass  its  heating 
limit. 

This  applies  in  the  same  way  to  cuts  taken  upon  the  same 
kind  of  material  that  varies  in  degree  of  hardness.  Cast 
iron,  for  instance,  will  be  found  to  vary  a  great  deal  in  its 
degree  of  hardness,  some  being  very  soft  and  some  very 
hard. 

10.  If  two  pieces  be  of  the  same  strength  or  hardness, 
the  more  acute  the  tool,  the  less  the  power  required  to  force 
it  into  the  work.  With  two  tools  of  the  same  shape,  and 
taking  the  same  depth  of  cut  in  materials  of  different  de- 
grees of  hardness,  the  softer  material  will  require  the  less 
power.  This  is  because  of  the  ease  with  which  the  shaving 
is  bent  and  turned  from  the  tool.  The  softer  material, 
therefore,  develops  less  heat  for  the  same  shape  of  tool  and 
depth  of  cut  than  the  harder  material;  consequently,  an 
increased  speed  may  be  used. 

11.  Roufftilns  Cuts.  —  Roughing  cuts  are  generally 
heavy  and  the  duty  of  the  tool  severe.  It  therefore  be- 
comes necessary  to  use  slower  cutting  speeds  for  roughing 
than  for  finishing  ciits.  This  reduced  cutting  speed  will 
give  a  slight  increase  in  lathe  power,  thereby  making  it  pos- 
sible to  take  still  heavier  cuts  when  it  is  necessary. 
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12.  Flnlsblns  Cuttu — Finishing  cuts  are  best  made  at 
a  high  cutting  speed,  especially  on  cast  iron,  as  it  will  give 
a  smoother  surface  than  can  be 
obtained  with  a  slower  cut.  When 
a  slow  cutting  speed  is  used  on 
cast  iron,  there  is  a  tendency 
for  the  shavings  to  break  out  of 
the  work  slightly  in  advance  of  the 
cutting  edge.  This  is  due  to  the 
crystalline  structure  of  the  mate- 
rial. This  is  shown  in  some- 
what exaggerated  form  in  Fig.  3, 
where  a  shaving  a  is  shown  just  as  it  is  breaking  from  the 
work.  When  the  slow  speed  is  used,  the  shaving  breaks 
slowly  from  the  work  and  in  so  doing  breaks  into  the  sur- 
face and  carries  away  with  it  particles  of  metal  that  should 
be  left.  This  will  leave  a  surface  that  is  more  or  less  pitted, 
and,  should  it  be  desired  to  finish  it  by  polishing,  these  little 
pits  will  be  found  to  be  of  sufficient  depth  to  make  it  very 
difficult  to  obtain  a  fine  polish.  When  a  higher  speed  is 
used,  or  the  tool  is  ground  with  a  keener  cutting  edge,  this 
pitting  will  disappear. 


Fig.  8. 


INFLUENCE  OP  DIAMBTBRS  ON  RESISTANCE  TO    CUT. 

1 3.    Suppose  that  a  diamond-pointed  tool  is  cutting  a  cyl- 
inder of  the  diameter  represented  by  the  circles.  Fig. 4,  to' the 

<::  size  represented  by  the  dotted 
lines.  The  force  or  pressure  on 
the  top  face  of  the  tool  is  meas- 
ured in  a  direction  at  right  angles 
to  the  face  of  the  tool ;  therefore, 
the  direction  of  the  force  on  this 
tool  is  along  the.  line  c  o  perpen- 
dicular to  ao.  This  line  inter- 
sects the  circumference  of  the 
Pig.  4.  outer  circle  at  b.     Suppose,  in  the 

second  case,  that  the  tool  is  cutting  the  same  depth  of  cut 
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on  a  smaller  cylinder  represented  by  g.  The  force  of  the  cut 
will  be  in  the  same  direction  as  in  the  previous  case  along 
the  line  c  o.  The  line  c  o  intersects  this  smaller  circle  at  d. 
These  lines  do  and  b  o  graphically  represent  the  relative 
forces  required  to  turn  the  shaving.  In  the  larger  piece,  the 
shaving  has  a  backing  and  support  extending  from  the  point 
of  the  tool  to  the  point  b^  while,  in  the  smaller  piece,  the 
shaving  is  backed  only  by  metal  to  the  point  d.  It  will 
readily  be  seen  that  less  power  will  be  required  to  turn 
the  shaving  on  the  smaller  piece  than  on  the  larger  one. 
Since  this  is  true,  it  is  theoretically  possible  to  take  a  deeper 
ciit  on  the  small  piece  with  the  same  power  required  for  the 
original  depth  of  cut  on  the  larger  piece. 

14.  Average  Cutting  Speeds. — The  cutting  speed 
depends  on  so  many  conditions  that  it  is  impossible  to  give 
any  exact  rule  that  will  apply  to  all  cases.  Different  cut- 
ting speeds  have  been  given  for  the  different  metals,  but 
these  vary  greatly.  An  average,  however,  has  been  taken, 
as  given  in  the  accompanying  table,  which  gives  fair  speeds 
that  may  be  used  under  favorable  conditions  for  taking 
roughing  cuts  of  medium  depth. 

'  It  will  be  noticed  in  this  table  that  the  cutting  speed  of 
brass  is  considerably  greater  than  that  of  iron  or  steel,  also 
that  the  cutting  speed  is  increased  for  the  small  diameters 
of  work.  The  cutting  speeds  given  for  cast  iron  are  for 
short  cuts  taken  on  very  soft  castings.  Long,  continuous 
cuts  on  hard  castings  would  require  a  cutting  speed  some- 
what below  that  given  in  the  table. 

1 5.  Relation  of  the  Steel  to  Cutting  Speed. — In 

the  case  of  special  self-hardening  steel,  the  cutting  speeds 
of  machine  tools  have  been  much  increased.  This  is  due 
largely  to  the  amount  of  heat  these  tools  will  stand  before 
their  temper  is  impaired.  With  some  of  the  best  brands  of 
self-hardening  steel,  the  rate  of  cutting  speed,  compared 
with  that  used  with  ordinary  forged  and  tempered  tools,  is 
nearly  doubled.  With  these  tools,  shavings  may  often  be 
cut  from  tool  steel  at  such  a  high  cutting  speed  that  the  heat 
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Diameter 

of 

Work. 

Cutting  Speed 

in  Feet 

Per  Minute. 

Wrought  Iron 

and 
Machine  Steel. 

i 
1 

H 

2 

38 
35 
30 
28 
25 

• 

§ 

u 

6 

1 

H 

2 

45 
45 
40 
40 

1 

n 

24 
20 
20 
18 

.   n 

i 

1 

110 

100 

90 

80 

generated  will  sometimes  be  sufficient  to  draw  the  temper 
color  on  the  steel  shaving  to  a  dark  blue.  This  is  equiva- 
lent to  a  temperature  of  about  650°. 

16.     When  Lrow  Cutting  Speeds  Should  Be  Used. 

While  in  most  cases  it  is  desirable  to  work  up  to  the 
limit  in  cutting  speed,  it  is  not  in  all  cases  the  most  ad- 
visable. With  a  single-pointed  turning  tool  that  may  be 
quickly  and  easily  sharpened,  it  is  a  desirable  thing  to  do. 
In  the  case  of  special  tools  intended  to  perform  certain  fin- 
ishing operations  and  when  the  accuracy  of  the  piece  depends 
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to  some  extent  on  the  action  of  the  special  tool,  then  that 
tool  should  be  favored  by  using  lower  cutting  speeds.  For 
example,  consider  a  reamer  that  is  to  finish  holes  smooth 
and  true  and  to  an  exact  diameter  within  a  thousandth  of 
an  inch.  The  size  of  the  hole  will  depend  on  the  size  of  the 
reamer,  and  when  the  cutting  edge  is  worn  away  one-half  a 
thousandth  of  an  inch,  the  reamer  will  make  the  holes  too 
small.  Such  a  tool  should  be  handled  with  care  and  the 
cutting  speed  sacrificed  for  the  sake  of  maintaining  the 
cutting  edge. 

Taps  and  dies  should  not  be  run  at  such  a  high  cutting 
speed  as  can  be  used  for  lathe  tools.  Chucking  tools  should 
also  be  favored,  especially  if  they  are  intended  to  remain  at 
a  particular  size.  Due  care  and  judgment  must  be  exercised 
in  each  base  to  get  the  best  results. 


CUTTING  FBBD. 

1 7.  Definition  of  Feed. — The  feed  of  a  tool  is  the 
amount  of  its  side  movement  along  the  length  of  the  bed 
per  revolution  of  the  work,  or  the  number  of  revolutions 
required  to  move  the  tool  sidewise  one  inch.  The  feed,  in 
turning,  and  the  pitch  of  the  screw,  in  screw  cutting,  are 
the  same ;  thus,  a  feed  of  ^  inch  means  that  1  turn  of  the 
work  feeds  the  tool  over  the  work  a  sufficient  distance  to 
finish  ^  inch  in  length.  Sometimes  the  finer  feeds  are 
designated  by  a  number  corresponding  to  the  number  of 
turns  necessary  to  finish  1  inch,  as,  for  instance,  a  feed  of  10, 
which  means  that  10  revolutions  will  move  the  tool  1  inch. 

18.  Relation  Bet^veen  Feed  and  Material  Being 
Cut. — The  best  feed  to  use  on  a  piece  of  work  depends  on 
many  conditions.  When  cylindrical  accuracy  is  desired  on 
wrought-iron  or  steel  shafts,  it  is  best  to  use  a  fine  feed  for 
finishing,  since,  with  a  fine  feed,  it  is  possible  to  use  a  tool 
with  a  narrow  point.  The  narrow-pointed  tool  will  cut  more 
freely,  and,  consequently,  with  less  spring  to  the  tool  and 
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the  work.  Time,  however,  is  of  great  importance  in  ma- 
chine work,  and  sometimes  coarser  feeds  will  finish  with 
sufficient  accuracy.  The  feed  and  the  width  of  the  point  of 
the  lathe  tool  are  interdependent,  the  point  of  the  tool  being 
slightly  wider  than  the  amount  of  feed  per  revolution. 

19.  Cast  iron  will  generally  admit  of  broader  feeds  than 
wrought  iron  or  steel.  This  is  due  largely  to  the  difference 
in  the  action  of  the  shaving  on  the  tool.  With  cast  iron, 
there  is  a  tendency  for  the  shaving  to  break  immediately 
when  turned  out  of  its  course  by  the  top  face  of  the  cutting 
tool.  This  constant  breaking  of  the  shaving  tends  to  relieve 
the  tool  of  undue  pressure.  In  wrought  iron  or  steel,  the 
shaving  does  not  break  up  so  easily.  When,  in  turning  steel, 
the  broad  cutting  edge  of  the  tool  is  set  parallel  to  the  axis  of 
the  work,  any  slight  pressure  that  may  tend  to  spring  the 
tool  into  the  work  causes  the  whole  broad  edge  to  spring  in. 
This  causes  the  tool  to  take  instantly  a  very  much  deeper 
hold,  and,  because  of  the  tenacity  of  the  steel,  the  tool  will 
be  carried  deeper  and  deeper  until  it  reaches  a  point  where 
the  strain  on  the  tool  balances  the  pressure  of  the  shaving, 
at  which  point  the  tool  will  continue  to  cut  at  this  depth. 
If  the  work  is  not  sufficiently  rigid  to  hold  its  shape  while 
the  tool  is  thus  sprung  and  taking  a  deep  cut,  the  piece  will 
bend  slightly.  As  the  hollow  side  of  the  bent  piece  comes 
around  to  the  tool,  the  cut  will  grow  less  until  the  heavy  side 
again  comes  around,  whereupon  the  cut  will  be  heavier  than 
before,  and,  in  most  cases,  the  work  will  be  ruined.  Broad 
cutting-edged  tools  should  never  be  put  on  a  piece  of 
wrought  iron  or  steel,  unless  the  operator  is  quite  sure  that 
there  is  sufficient  rigidity  to  withstand  the  cut. 


COMPUTATIONS  RELATING  TO  CUTTING  SPBBDS. 

20.  To  Find  the  Cutting  Speed. — Suppose  a  shaft 
4  inches  in  diameter  is  being  turned  at  the  rate  of  10  revo- 
lutions per  minute.  It  is  desired  to  find  the  cutting  speed  of 
the  tool  in  this  case.     The  circumference  or  distance  around 

49—27 
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the  shaft  is  3.1416  X  4  =  12.5664  inches,  say  12.57  inches. 
This  is  the  length  of  shaving  cut  in  1  revolution.  Multiply- 
ing 12.57  X  10,  gives  125.7  inches,  the  length  of  shaving  in 
inches  turned  in  1  minute.  As  the  cutting  speed  is  meas- 
ured in  feet  per  minute,  125.7-5-12  =  10.47  feet,  say  10, 
the  cutting  speed.  In  some  cases,  for  a  rough  or  approxi- 
mate value,  3.1416  is  assumed  to  be  3.  Thus,  in  the  above 
case,  if  a  shaft  is  4  inches  in  diameter,  its  circumference 
will  be  about  3  times  that,  or  12  inches  equal  1  foot,  and  if 
it  cuts  1  foot  of  shaving  for  1  revolution,  it  will  cut  10  times 
that,  or  10  feet  for  10  revolutions. 

21.  The  cutting  speed  for  any  lathe  may  be  found  by 
applying  the  following  rule: 

Rule. — Find  the  continued  product  of  the  diameter  of  the 
work,  i?i  inches,  the  number  of  revolutions  per  minute,  and 
3.14I6  inches ;  this  result  divided  by  12  will  be  the  cutting 
speed  in  feet  per  mifiute. 

For  example,  to  find  the  cutting  speed  of  a  shaft  2^  inches 
in  diameter,  making  75  revolutions  per  minute,  take  the 
continued  product  of  the  diameter,  in  inches,  the  revolu- 
tions per  minute,  and  3.1416.  This  gives  2i  X  75  X  3.1416 
=  589.05   inches  per  minute.     Dividing  by  12,  we  obtain 

— \-^ —  =  49  feet  per  minute,  very  nearly,  as  the  cutting 
12 

speed  in  this  case. 

22.  To  Find  the  Number  of  Revolutions  Re- 
quired to  Give  a  Desired  Cutting^  Speed. — If  a  steel 
shaft  is  9  inches  in  diameter,  how  many  revolutions  must  it 
make  to  give  a  cutting  speed  of  20  feet  per  minute  ? 

The  distance  around  the  shaft  equals  3.1416  times  its 
diameter,  or  3.1416  X  9  =  28.2744  inches,  say  28.27  inches; 
therefore,  for  1  revolution  of  the  shaft,  28.27  inches  of 
shaving  will  be  cut.  Twenty  feet  equals  240  inches.  To  cut 
off  240  inches  of  shaving  per  minute  will  require  as  many 
revolutions  as  28.27  is  contained  in  240,  or  8.5,  nearly. 
Therefore,  the  shaft  should  make  8 J  revolutions  per  minute 
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to  give  a  cutting  speed  of  20  feet  per  minute.  As  in  the 
previous  case,  the  fractions  may  be  neglected  when  making 
rough  calculations  and  it  is  desired  to  save  time. 

23.  Again,  suppose  the  work  to  be  1  inch  in  -diameter 
and  the  cutting  speed  desired  is  20  feet  per  minute.  The 
circumference  of  the  work  equals  3.1416  times  the  diam- 
eter, or  3.1416  inches.  The  length  of  the  shaving  equals 
240  inches.  It  will  take  as  many  revolutions  of  the  work 
to  turn  240  inches  as  3.1416  is  contained  in  240,  or  76.4  rev- 
olutions per  minute.  Hence,  to  find  the  number  of  revolu' 
tions  per  minute  that  the  work  should  make  in  order  to  have 
a  certain  cutting  speed,  use  the  following  rule,  in  which  it  is 
assumed  that  the  diameter  of  the  work  is  known : 

Rule. — To  find  the  number  of  revolutions  per  minute  that 
the  work  should  make  to  produce  a  given  cutting  speed  in  feet 
per  minute^  multiply  the  cutting  speed  by  12^  thus  reducing 
the  speed  to  inches  per  minute,  and  divide  the  product  by 
3.  H16  times  the  diameter  in  inches. 

12  5 


ye  = 


^D' 


when  R  =  revolutions  per  minute ; 

5  =  cutting  speed  in  feet  per  minute; 
w=  3.1416; 
D  =  diameter  of  the  work  in  inches. 

24.  How  many  revolutions  should  a  shaft  2  inches  in  diam- 
eter make  to  produce  a  cutting  speed  of  30  feet  per  minute  ? 

Applying  the  rule  just  given  in  the  preceding  article,  we 
have,  indicating  the  operations, 

revolutions  per  minute  =  ^  ,  .^^  * — r  =  57.3. 

^  3.1416  X  2 

Therefore,  the  work  should  make  57.3  revolutions. 

25.  To  Find  the  Time  Required  to  Take  a  Cut. 

The  time  required  to  turn  a  shaft  can  also  be  determined 
when  its  length,  the  feed,  and  the  number  of  revolutions 
are  given. 
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Suppose  it  is  desired  to  find  the  time  required  to  turn  a 
shaft  10  feet  long  that  is  making  25  revolutions  per  minute 
with  a  feed  of  20,  that  is,  20  revolutions  of  the  work  to  move 
the  tool  along  the  shaft  1  inch. 

If  the  "tool  moves  over  1  inch  of  length  of  the  shaft  in 
20  revolutions,  to  move  over  120  inches  (the  length  of  the 
shaft  in  inches),  it  will  take  20  times  120,  or  2,400  revolutions 
of  the  work.  If  the  shaft  makes  25  revolutions  in  1  minute, 
it  will  take  as  many  minutes  as  25  is  contained  in  2,400,  or 
96  minutes,  equal  1  hour  and  36  minutes. 

26.  When  the  length  of  the  work,  the  number  of  revo- 
lutions necessary  to  advance  the  tool  1  inch — the  feed — and 
the  number  of  revolutions  per  minute  are  known,  the  time 
necessary  for  the  cut  is  easily  calculated  by  the  following  rule : 

Rule. —  To  find  the  time  necessary  to  take  a  cut  of  known 
lengthy  multiply  the  length  in  inches  by  the  feed  (number  of 
revolutions  necessary  for  the  tool  to  advance  1  inch)  and  divide 
the  product  by  the  number  of  revolutions  per  minute  made  by 
the  work. 

For  example,  applying  the  rule  to  case  mentioned  in  the 
last  article,  the  length  is  10  feet  =  120  inches,  the  feed  is  20, 
and  the  number  of  revolutions  per  minute  is  25.  Indicating 
the  operations,  we  have 

time  =  120  X  20  -r-  25  =  96  minutes. 

A  case  more  likely  to  arise  in  practice  is  where  the  length 
of  the  work  and  its  diameter  are  known  and  it  is  required  to 
take  the  cut  at  a  given  speed  and  feed,  the  speed  being  in 
feet  per  minute.  Suppose  it  is  desired  to  find  the  time  nec- 
essary to  turn  a  shaft  6  feet  long  and  18  inches  in  diameter, 
using  a  feed  of  20  and  a  cutting  speed  of  18  feet  per  minute. 

We  first  find  the  number  of  revolutions  necessary  to  give 
the  cutting  speed  by  the  rule  in  Art.  23. 

12  X  18 

Revolutions  per  minute  =  -?r  ^-rr^ tt.  =  3-82. 

^  3.1416  X  18 

Substituting  this  value  in  the  rule  just  given, 
time  =  72  X  20 -T- 3.82  =  377  minutes  =  6  hours  and  17  minutes. 
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27.  Instead  of  using  the  rules  given  in  Arts.  23  and  26, 
the  following  rule,  which  is  a  combination  of  the  two,  may 
be  employed: 

Rule. — The  time  in  minutes  is  equal  to  the  continued 
product  of  S,  lj^l6y  the  diameter,  the  feed^  and  the  length 
divided  by  12  times  the  cutting  speed. 

Applying  this  rule  to  the  case  last  mentioned, 

3.1416  X  18  X  20  X  72        __,^      .      ^ 
time  =  r-jr -5 =  377  mmutes. 

I/O  X   lo 

This  same  result  was  obtained  by  the  other  method.  The 
number  12,  which  is  used  in  the  various  formulas,  is  used  to 
reduce  the  cutting  speed  from  feet  to  inches,  but  if  the 
diameters  in  the  various  problems  were  given  in  feet,  the 
number  12  woujd  not  be  needed.  For  example,  how  long  will 
it  take  to  turn  a  flywheel  20  feet  in  diameter,  24-inch  face, 
if  a  cutting  speed  of  15  feet  and  a  feed  of  \  inch  are  used  ? 

A  feed  of  \  inch  equals  a  feed  of  2.  Applying  the  rule 
given  above,  and  omitting  the  number  12,  since  the  diameter 
is  given  in  feet, 

3.1416X20X2X24       o^-      .  ou  01      • 

time  =  ~- =  201  mm.  =  3  hours  21  mm. 

15 

28*  Advantages  of  Coarse  Feeds. — When  the  fin- 
ishing cut  is  being  taken  on  a  large  piece,  it  is  desirable  to 
have  the  tool  retain  its  sharp  edge  until  the  operation  is 
completed,  so  that  the  last  part  of  the  cut  will  be  as  smooth 
and  true  as  the  first.  On  heavy  work,  when  the  tool  dulls 
so  that  it  becomes  necessary  to  resharpen  it  before  the  cut 
is  completed,  as  it  takes  some  time  for  the  work  to  make  a 
revolution,  by  the  time  the  tool  is  adjusted  to  the  same 
depth  as  before  and  the  feeds  are  again  working,  much 
time  is  lost. 

29.  Suppose,  in  the  flywheel  just  mentioned,  a  finishing 
cut  should  be  attempted  by  using  a  feed  of  10.  By  the  time 
the  piece  was  finished,  the  shaving  would  be  3.1416  X  20  X  10 
X  24  =  15,080  feet,  or  nearly  3  miles  long.  At  a  cutting 
speed  of  18  feet  per  minute,  this  would  require  13  hours 
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68  minutes.  It  would  be  impossible  to  get  a  tool  that  would 
stand  to  cut  nearly  3  miles  of  shaving  without  getting  dull, 
and  the  time  would  be  considerably  more  than  necessary. 
On  such  a  piece  as  this,  the  feed  would  be  increased  to 
nearly  1  inch  per  revolution  and  the  speed  reduced  to  about 
15  feet  per  minute.  This  would  reduce  the  length  of  the 
shaving  to  1,508  feet,  and  at  15  feet  per  minute  would  re- 
quire lOOJ  minutes,  or  1  hour  40^  minutes.  This  reduces 
the  time  to  one-tenth  the  original  and  makes  it  possible  to 
use  a  tool  that  will  last  throughout  the  cut. 


ERROR  IN  LATHE  WORK. 


PRECAUTIONS  TO  BE  OBSERVED. 

30«  General  Consideration. — The  chances  for  error 
in  machine  work  are  numerous.  No  sooner  is  one  difficulty 
overcome  than  another  appears.  The  workman  must  never 
take  anything  for  granted  regarding  the  accuracy  of  a 
machine  or  the  work  it  is  producing  until  he  has  made  sure 
that  all  is  right  by  a  personal  investigation.  Even  then  he 
must  be  on  the  watch,  or  errors  will  creep  in  that  are  unex- 
pected. These  small  errors  that  occur  in  lathe  work  become 
more  numerous  and  troublesome  as  the  degree  of  accuracy 
is  increased.  Things  that  would  not  be  noticeable  in  an  ordi- 
nary line  of  work  become  very  important  in  accurate  work. 

Many  of  the  chances  for  error  that  occur  may  be  found 
and  illustrated  in  a  simple  piece  of  cylindrical  turning.  They 
may  be  due  to:  (1)  spring  of  the  tool;  (2)  spring  of  the  work; 
or  (3)  inaccurate  adjust 7nent  of  the  machine  used. 


SPRING  OF  LATHB  TOOLS. 

31  •     Factors    Governing:    Spring   of    ttie    Tool. — 

The  amount  that  the  tool  will  spring  depends  on  the  posi- 
tion it  holds  in  relation  to  the  work;  on  the  rigidity  of  the 


ge  LATHE  WORK.  17 

tool;  on  the  closeness  of  fit  between  the  tool  block  and  the 
slide;  on  the  stiffness  of  the  shank  of  the  tool;  and  on  the 
shape  of  the  tool. 

32.  Position  of  tlie  Tool. — It  has  been  shown,  Fig.  66, 
Lathe  Work,  Part  3,  that  when  the  point  of  a  tool  is  set 
above  the  center  of  the  work,  as  it  bends  in  its  shank  the 
point  tends  to  follow  in  an  arc  of  a  circle  described  about 
the  bending  point.  If  this  arc  cuts  into  the  work,  the  tool, 
following  in  that  path,  will  spring  deeper  into  the  work.  If 
the  tool  is  so  located  that  when  it  bends  or  springs,  the 
arc  described  about  the  bending  point  moves  away  from  the 
work,  then  the  tool  will  spring  away  from  the  work.  It 
would  seem  from  this  that  the  best  place  to  set  the  point  of 
the  tool  would  be  level  with  the  center,  so  that,  if  the  tool 
springs,  it  will  not  spring  into  the  work.  A  tool  properly 
shaped  for  this  position  would  have  very  little  front  rake, 
and  its  keenness  would  be  given  entirely  by  increasing  the 
angle  of  top  rake.  Such  a  tool  is  absolutely  required  for 
taper  turning,  but,  for  ordinary  turning,  other  conditions 
arise,  making  it  objectionable.  It  may  be  seen  that  when 
this  tool  is  used,  the  total  force  acting  upon  it  is  in  a  direc- 
tion tangent  to  the  diameter  of  the  work  at  the  point  of  the 
tool. 

33.  When  a  tool  without  front  rake  is  used,  the  force 
will  be  directly  down,  or  perpendicular  to  the  top  of  the 
lathe  bed,  in  the  direc-  n 

tion     of    arrow     D  C,  JF-^ ^— 

Fig.    5.     As    increased 

front   rake  is  given  to 

the  tool,    and  it   is  set 

higher  on  the  work,  the     |Tl';!'|ff;;^.;ji;ij;'\> 

line  of  force  changes  its     l!     '%      \ 

direction,  so  that  if  the     """''''''^  "^' 

front   rake  is  30°,    the 

line    of    force   acting  Pio. 6. 

against  the  point  of  the  tool  at  O'  will  be  in  the  direction 
of  the  arrow  B  A.     When  the  force  on  the  tool  is  in  the 
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direction  of  the  arrow  B  A,  it  tends  to  force  the  tool  block 
back  from  the  work ;  this  causes  some  pressure  on  the  cross- 
feed  screw.  If  the  tool  had  still  more  front  rake  and  were  set 
higher,  the  pressure  on  the  cross-feed  screw  would  increase, 
and  if  the  tool  could  be  set  as  high  as  the  point  O',  the 
force  of  the  cut  would  be  in  the  direction  of  the  line  F  £, 
which  would  be  entirely  against  the  cross-feed  screw.  This 
pressure  against  the  cross-feed  screw  is  very  desirable.  It 
holds  the  tool  block  back  and  takes  up  the  lost  motion  that 
may  be  in  the  screw,  so  that,  when  an  adjustment  is  being 
made,  any  partial  turn  of  the  screw  at  once  acts  in  moving 
the  tool  block.  It  also  allows  the  tool  to  be  held  in  such  a 
position  that  there  is  little  danger  that  the  pressure  of  the 
shaving  on  the  top  face  of  the  tool  will  pull  the  tool  and 
tool  block  forwards,  thus  taking  up  the  lost  motion  in  the 
cross-feed  screw. 


Pig.  6. 


34.     It  will  be  seen  from  Fig.  6  that  when  a  tool  is  set  at 
the  center  and  ground  with  much  top  rake,  the  pressure  of 

the  shaving  on  the  top 
face  is  in  the  direction  of 
the  arrow  a.  This  is  so 
nearly  parallel  to  the  line 
of  the  cross-slide  that  if 
the  slide  is  loose  or  the 
screw  has  lost  motion,  the 
tool  will  tend  to  slide  into 
the  cut.  If  the  tool  is  set  higher,  this  force  on  the  top  face 
is  in  the  direction  shown  in  Fig.  7,  and  there  is  little  tend- 
ency to  drag  the  tool  into 
the  cut.  Practice,  there- 
fore, has  settled  upon  tools 
with  a  fair  amount  of  front 
rake,  which  allows  them  to 
be  set  above  the  center  of 
the  work.  This  gives  the 
desired  pressure  against 
the  cross-feed  screw.  fig.  7. 
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35.  Sprlns  of  the  Tool  Caused  by  Variations  In 
the  Depth  of  Cut.  —  If,  in  turning  a  piece,  an  attempt 
is  made  to  finish  the  i 1.     a 


^ 


Fio.  a 


work  very  close  to  size 

with  the  first  cut,  leav-   ^^— -is^^ 

ing   a  very  light  cut   X 

for  the  last,  the  follow-  S— U^ 

ing  results  may  ensue: 

The  tool  is  started  and 

the  cut   taken  for    a 

short    distance,     and, 

by  a  series  of  fine  cuts, 

the  work  is  brought  to 

the    desired   diameter 

shown    at  a^   Fig.    8. 

The  feed  is  thrown  in  and  soon  the  tool  starts  in  the  heavy 

cut.     The  result  is  that  as  soon  as  the^heavy  pressure  comes 

upon  the  tool,  it  causes  it  to  spring  and  take  a  still  heavier 

cut.     The  piece  will  therefore  be  turned  smaller  in  diameter, 

as  shown  by  the  dotted  lines,  and,  in  many  cases,  may  make 

the  piece  below  the  desired  size.     This  is  one  reason  why  at 

least  -^  inch  should  be  left  for  finishing. 

Suppose  another  case  in  which  a  casting  or  a  forging  has 

a  large  lump  on  one  side.  Fig.  9,  which  must  be  turned  off. 

Because  of  the  form  of  the  work,  the 
shaving  will  be  of  different  thick- 
nesses, and,  consequently,  there  will 
be  different  pressures  upon  the  tool. 
This  will  cause  the  tool  to  spring  to 
various  depths  in  the  work,  with  the 
result  that  the  piece  will  be  neither 
round  nor  true.  It  will  be  evident  that 
a  second  finishing  cut  will  be  necessary 
Pj^j  ^  if  any  degree  of  accuracy  is  desired. 

36*  Methods  for  Reducing:  ttie  Error  Due  to  the 
Sprins  of  the  Tool. — The  possibilities  of  error  due  to  the 
springing  of  the  tool  are  guarded  against  by  using  tools  with 
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heavy  shanks,  clamping  the  tool  very  close  to  the  cutting 
edge,  and  in  adjusting  the  tool  block  so  that  there  is  no  lost 
motion  in  the  slide.  With  these  precautions,  work  may  be 
performed,  so  far  as  the  tool  is  concerned,  with  sufficient 
accuracy  for  all  ordinary  machine  construction.  In  dis- 
cussing the  spring  of  the  tool,  it  has  been  assumed  that  the 
work  was  very  rigid,  so  that  all  the  spring  occurred  in  the 
tool.  The  tool,  however,  must  not  be  held  responsible  for 
all  error,  since  much  is  caused  by  the  spring  of  the  work. 


8PKING  OP  THB  WORK. 

37.  Effect  of  the  Welfftit  of  the  Work  on  Its 
Sprins* — Any  action  that  may  cause  the  work  to  bend  or 
deflect  so  that  its  axis  is  not  a  straight  line  will  cause  the 
work  to  be  untrue.  If  the  piece  is  short  and  its  diameter 
great,  the  spring  is  less  than  when  the  work  is  long  and 
slender. 

In  long  pieces,  the  weight  of  the  piece  between  the  cen- 
ters is  sufficient  to  demand  attention. 

38*     Effect  of  the  Force  of  the  Cut  on  the  Spring. 

The  force  required  to  turn  a  shaving  acts  against  the  tool, 
tending  to  spring  it  down,  and  reacts  in  the  opposite  direc- 
tion, tending  to  bend  or  spring  the  work  up.  When  the  tool 
is  starting  at  the  end  of  the  work,  there  is  less  deflection 
than  when  it  has  reached  the  center.  If  a  bar  be  supported 
at  the  two  ends  and  a  load  applied  at  the  center,  it  will 
deflect  more  than  if  the  load  is  applied  very  near  the  ends. 
Because  of  this  greater  deflection  at  the  center  of  the  work, 
the  tool  cannot  cut  so  deeply;  consequently,  the  work,  when 
turned,  will  be  larger  at  the  center  than  at  the  ends.  This 
must  be  corrected  by  taking  very  light  finishing  cuts,  or,  in 
the  case  of  long  slender  pieces,  the  work  must  be  supported 
by  the  use  of  steady  rests. 
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SPRING  DUB  TO  METHOD  OF  DRIVING. 

39.  Action  of  Bent-Tail  Doff  in  Sprin^ins  the 
'Work, — Probably  as  much  spring  in  cylindrical  work  is 
produced  by  the  imperfect  methods  of  driving  or  rotating 
the  work  in  the  lathe  as  in  any  other  way. 

The  ordinary  bent-tail  dog  so  commonly  used  produces  a 
variety  of  strains  in  the  work,  some  of  which  are  constant 
and  some  variable.     All,  however,  tend  to  distort  the  work. 

These  forces  may  be  considered  separately.  First,  there 
is  a  leverage  from  the  point  of  the  live  center.  The  amount 
of  this  leverage  depends  on  the  length  of  the  live  center. 
This  is  shown  in  Fig.  10,  which  represents  a  side  view  of  a 


Fio.  10. 


piece  of  work  between  the  centers.  The  tail  of  the  dog  is 
at  the  back  of  the  machine.  Suppose  the  end  b  of  the  piece 
be  clamped  rigidly  so  that  it  cannot  turn.  If  power  be 
applied  to  the  lathe,  the  work  will  tend  to  turn  in  the 
direction  of  the  arrow  c.  Since  it  cannot,  it  puts  the  piece 
under  such  a  strain  that  it  springs  it.  The  leverage  is  rep- 
resented by  the  distance  a  that  the  lathe  center  projects 
beyond  the  face  plate.  The  force  of  the  face  plate,  which 
tends  to  lift  the  tail  of  the  lathe  dog,  acts  from  the  point  of 
the  center  as  a  fulcrum  and  tends  to  bend  the  work  down,  as 
shown  by  the  dotted  lines.  If  the  lathe  center  were  longer, 
there  would  be  a  greater  force  tending  to  spring  the  work 
because  of  the  increased  length  of  leverage  a. 
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40.  When  the  tool  begins  to  cut  at  the  end  ^,  the  resist- 
ance of  the  cut  at  this  point  acts  the  same  as  if  the  work 

were  clamped  at  this 
end  as  just  described. 
This  produces  the 
same  effect,  though 
not  so  great,  as 
clamping  the  end, 
for,  with  a  tool,  the 
strain  can  never  be 
greater  than  that  re- 
quired to  cut  the  sha- 
ving. As  the  tool 
feeds  along,  this  re- 
sisting point  ap- 
^'°-  ^^*  proaches  the  point  of 

the  live  center  or  the  fulcrum  from  which  the  work  bends. 
The  result  is  that  the  amount  of  spring  of  the  work  will 
change.  Here  we  have  a  changing  force  tending  to  spring 
the  work;  this  force  depends  on  the  position  of  the  tool 
along  the  work. 

41.  Suppose,  in  the  next  case,  that  the  tool  is  cutting 
in  a  position  midway  along  the  length  of  the  work.  .  A  sec- 
tion through  the  work 
is  taken  at  this  point, 
as  shown  in  Fig.  11. 
This  shows  the  tool  at 
the  front  with  the  tail 
of  the  dog  diametric- 
ally opposite.  As  the 
work  revolves  in  the 
direction  of  the  arrow, 
the  force  required  to 
turn  the  shaving  is 
made  with  an  upward 
pressure  of  the  tool. 
This    force    tends    to  pjo.  j^. 
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spring  the  work  up  in  the  direction  of  the  arrow  A  B.  The 
force  required  to  revolve  the  work  tends  to  spring  the  work 
down,  since  the  dog  is  at  the  back  of  the  lathe,  and  the 
forces  act  as  shown  in  Fig.  10.  In  this  case,  we  have  two 
forces  tending  to  spring  the  work  in  opposite  directions  and 
tending  to  balance  each  other — one,  the  force  of  the  cut,  the 
other,  the  pressure  on  the  lathe  dog. 

Suppose  the  work  makes  half  a  revolution  so  that  the  tail 
of  the  dog  is  at  the  front,  as  in  Fig.  12.  While  in  this  posi- 
tion we  will  have  the  force  of  the  cut  in  an  upward  direc- 
tion A  B  sis  before,  but  the  pressure  on  the  tail  of  the  dog  is 
now  in  the  same  direction.  Hence,  we  have  two  forces, 
both  tending  to  spring  the  work  up.  In  the  first  case,  it  is 
the  difference  of  the  forces  that  tends  to  spring  the  work. 
In  the  second  case,  the  sum  of  the  forces  acted  to  spring  the 
work  up.  Here,  again,  because  of  the  varying  forces,  vari- 
ous degrees  of  deflection  occur. 

42.  When  a  straight-tailed  dog  and  driving  pin,  as 
shown  in  Fig.  13,  are  used,  the  conditions  are  reversed,  the 
effect  of  the  leverage  of  the  bent  tail-dog  being  entirely 
eliminated,  so  that  when  the  dog  is  at  the  back,  both  forces 
tend  to  spring  the  work  up,  and  when  the  dog  is  at  the 
front,  the  two  forces  are  opposite  and  tend  to  balance  each 
other. 

CORRECT  MBTHOD8  OP  DRIVING  THB  IVORK* 

43.  Straight-Tali  Doss.  —  Fortunately,  these  com- 
plicated strains  arising  from  the  ordinary  methods  of  dri- 
ving the  work  may  be  eliminated 
by  changing  the  driving  devices. 
The  distortion  shown  by  Fig.  10 
may  be  remedied  by  using  a 
straight-tailed  dog  and  a  driving 
pin  in  the  face  plate,  as  shown 
by  Fig.  13.  By  this  method,  a 
joint  is  obtained  between  the 
pin  and  the  dog.  This  breaks  '^k..::/  no.  la 
the  leverage  a,  Fig.  10,  and  so  eliminates  that  bending  strain. 
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44.  The  variable  forces  represented  in  Figs.  11  and  12 
may  be  balanced  by  using;  a  two-tailed  dog  and  two  driving 

pins  in  the  face  plate,  as  shown 
by  Fig.  14.  When  the  work  is 
thus  driven,  the  two  forces  at 
the  end  of  the  dog  balance  each 
other,  and  the  only  force  remain- 
ing that  tends  to  spring  the 
work  is  the  upward  force  of 
the  tool.  If  the  pressures  at  the 
end  of  the  dog  do  not  balance, 
"o-i*-  the  same  trouble  that  is  found 

with  the  single-tailed  dog  will  appear.  Great  care,  there- 
fore, is  necessary  in  adjusting  the  driving  pins  in  the  face 
plate  so  that  an  equal  pressure  will  be  brought  against  each 
pin.  This  may  be  accomplished  in  some  instances  by  mov- 
ing one  of  the  pins  in  the  slot  of  the  face  plate  in  or  out 
from  the  center.  Since  the  tail  of  the  dog  and  the  slots  in 
the  face  plate  are  not  parallel,  moving  the  pin  toward  the 
center  will  bring  it  against  the  dog,  and  moving  it  from  the 
center  will  move  it  away  from  the  dog.  The  pressure  on 
the  pins  may  be  tested  with  pieces  of  paper  put  between 
the  dog  and  the  pins.  The  work  is  turned  backwards  by 
hand  on  the  centers,  to  hold  the  dog  against  the  pins,  and 
the  paper  tested  by  pulling.  Any  inequality  in 
pressure  may  thus  be  detected.  ^ 

45.  EquallKlnff  Dogs.  —  Instead  of  ad* 
justing  the  pins  each  time,  an  equalizing 
doic.  Fig.  15,  may  be  used.  In  this  case,  the 
dog  is  adjusted  to  the  pins  by  tightening  or  , 
loosening  the  screws  a,  b,  as  may  be  neces- 
sary. While  it  is  very  desirable  to  drive  the 
work  by  the  methods  described,  the  difficulty 
in  adjusting  the  dogs  and  the  uncertainty 
that  they  will  remain  as  adjusted  do  not  war- 
rant their  general  use.  When  some  device 
can  be  used  that  will  automatically  balance  or 
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equalize  the  pressure  on  the  pins,  this  method  becomes 
more  practicable.  Many  forms  of  equalizing  dogs  have 
been  devised.  They  serve  better  for  small  than  for  large 
work.  A  very  convenient  and  successful  method  of  equal- 
izing the  pressure  on  the  pins  when  the  two-tailed  dog 
is  used,  is  by  means  of  the  equalizer  or  driver  shown  in 
Fig.  16.  This  consists  of  a  plate  carrying  the  driving  pins 
/, /.  This  plate  is  fastened  loosely  to 
the  front  face  of  the  face  plate  by  means 
of  bolts  or  studs  screwed  solidly  into  the 
face  plate  but  fitting  loosely  in  the  long 
slots  s,  s  in  the  driver.  These  studs 
keep  the  driver  from  slipping  around  on 
the  face  plate,  but  give  it  freedom  to 
move  a  distance  along  the  slots  equal  to 
their  length.  Suppose,  in  using,  the 
greater  pressure  of  the  dog  first  comes  pio.  ic. 

against  the  top  pin.  The  pressure  would  force  the  entire 
driver  back,  which  would  slide  the  lower  pin  up  to  the  dog. 
As  soon  as  the  pressures  balanced  each  other,  the  plate 
would  stop  sliding  and  continue  to  keep  up  the  equilibrium. 


BRROR8  IN  THE  MACHINB. 

46.  Poor  Adjustment.  —  Imperfect  work  may  often 
be  traced  to  the  poor  adjustment  of  the  machine  or  to  the 
fact  that  the  machine  is  much  worn.  When  the  lathe  is 
much  worn,  it  will  be  noticed  that  the  spindle  is  slightly  out 
of  line  with  the  bed  and  that  it  will  not  bore  holes  properly 
or  face  surfaces  true.  A  great  deal  of  wear  comes  upon  the 
lathe  bed  at  a  part  quite  near  the  headstock,  since  the  greater 
part  of  the  work  turned  upon  the  lathe  is  short,  and  the  car- 
riage moves  over  this  part  more  than  any  other.  If  the  gibs 
that  hold  the  carriage  to  the  bed  be  adjusted  so  that  the  car- 
riage is  in  good  adjustment  at  this  worn  place,  it  will  be 
found  that  when  longer  work  is  to  be  turned,  the  carriage 
will  not  slide  easily  along  the  unworn  part  of  the  bed 


26 


LATHE  WORK. 


§6 


47«  Accuracy  of  Ne^r  Latties. — In  the  manufacture 
of  lathes,  all  parts  are  carefully  tested  to  see  if  the  line  of 
the  spindles  is  exactly  parallel  with  the  bed,  the  carriage 
square  across  the  bed,  and  all  parts  correct.  All  these 
tests  require  that  the  lathe  shall  produce  work  within  a  limit 
of  from  .00025  to  .001  inch,  depending  on  the  kind  of  work 
for  which  the  lathe  is  to  be  used. 

The  accuracy  of  the  machine  is  not  so  important  as  the 
skill  of  the  operator,  for  a  skilful  and  careful  workman  will 
overcome  the  inaccuracies  of  the  machine,  but  the  careless 
workman  will  have  trouble  even  with  the  best  machine. 


Fig.  17. 


LrATHB  CBNTERS. 

48.     Shape  of  Lathe  Centers.  —  Fig.   17  shows  the 

most  common  form  of  lathe  center.     The  sides  A  B  and  CD 

form  an  angle  of  60"*  with  each 
other  and  30**  with  the  center 
line.  For  very  heavy  work  some 
prefer  a  blunter  center,  as  shown 
in  Fig.  18.  This  form  is  used 
because  of  its  apparent  strength, 
but  while  there  is  less  danger  of 
breaking  the  point  of  the  center, 

it  cannot  hold  work  to  run  as  truly  as  the  60°  angle.     The 

cause  of   the   breaking   of   60°   angle  centers  is  generally 

due  to  the  imperfect  fit  in  the  center  hole,  which  brings  all 

the  strain   on  the   point   of   the 

center.  When  the  centers  are  90°, 

there  will  be  a  greater  tendency 

to  force  the  centers  apart  and  out 

of   the   center   hole,    due   to  the 

weight  of  the  work  and  the  force 

of    the    cut,  than   if  the  centers 

are  shaped  as  shown  in  Fig.  17. 

Suppose  two  pieces  of  work   are 

being  turned  on  lathes  with  these  two  forms  of  centers. 

If  each  center   were   backed   out    of    its   work    the  same 
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distance,  the  work  on  the  90°  center  would  drop  more 
out  of  line  than  the  work  on  the  60°  center;  therefore,  to 
keep  the  work  up  in  line  with  the  spindles,  the  adjustment 
of  the  90°  center  must  be  closer  than  for  the  60°  center. 
Many  builders  of  heavy  machinery  use  a  center  having  a 
75°  included  angle  in  place  of  a  60°  or  a  90°  angle.  Such  a 
center  combines  many  of  the  good  points  of  both  of  the 
other  forms. 

49.  Necessity  of  True  Centers. — The  live  center 
should  run  true  in  the  headstock.  The  dead  center  should 
be  sharp  and  smooth.  If  a  live  center  were  out  of  line  so 
that  its  point  wabbled  slightly  and  a  piece  of  work  were 
turned  on  it,  the  work  might  be  round  and  straight,  but  the 
turned  part  would  not  be  true  with  the  center  hole.  A 
piece  may  be  turned  to  various  diameters  and  shapes  on 
untrue  centers  and  the  different  cuts  may  all  run  true  with 
each  other,  provided  they  were  all  taken  at  one  setting.  If, 
however,  the  dog  had  been  loosened  and  the  work  given  a 
half  turn,  the  dog  being  again  clamped,  the  piece  just 
turned  will  run  out  of  true  an  amount  double  the  error 
of  the  live  center.  When,  therefore,  a  piece  is  partly  fin- 
ished on  one  machine  and  then  taken  to  another  for  final 
finishing,  it  is  necessary  that  the  centers  be  true  on  each 
machine. 

50.  Hard  or  Soft  Centers. — The  dead  center  is 
always  hardened  and  tempered.  The  live  center  may  or 
may  not  be  hardened.  Some  leading  manufacturers  prefer 
a  soft  live  center,  since  it  may  easily  be  put  in  place  and  a 
very  fine  cut  taken  from  it  as  it  revolves  in  the  headstock. 
This  makes  it  practically  true  and  little  time  is  expended  in 
truing  it,  but  because  of  its  softness,  it  is  easily  made  un- 
true by  bending  or  bruising.  If  a  center,  after  being  trued, 
is  hardened  and  tempered  and  then  put  back  in  its  place,  it 
will  be  found  that  it  no  longer  runs  true,  owing  to  the  warp« 
ing  or  springing  of  the  center  in  the  operation  of  hardening 
and  tempering.  To  use  hardened  live  centers  successfully, 
they  must  be  made  true,  as  they  revolve  in  the  spindle,  by 
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grinding.     Sometimes  the  live  center  is  hardened  and  the 
temper  drawn  to  such  a  point  that  it  can  just  be  turned. 

51*  Grinding^  Lathe  Centers. — To  grind  lathe  cen- 
ters, a  properly  constructed  grinding  machine  should  be 
used.  There  are  very  many  forms  of  center  grinders  on 
the  market  that  are  sufficiently  convenient  to  warrant  their 
use  in  many  shops.  Fig.  19  shows  a  very  convenient  form 
and  its  application  to  the  lathe.  In  setting  this  grinder  in 
the  lathe,  the  shank  a  is  passed  loosely  through  the  t6ol  post 


Fig.  19. 

of  the  lathe,  while  the  lathe  centers  come  into  the  reamed 
center  holes  b^  b  in  the  grinder.  These  center  holes  have 
been  so  located  that  they  hold  the  axis  of  the  grinding 
wheel  c  at  an  angle  of  30°  with  the  axis  of  the  lathe.  After 
adjusting  the  rest  to  such  a  height  that  the  shank  a  bears 
fairly  on  its  bottom,  it  is  clamped  rigidly  in  the  tool  post. 
The  dead  center  may  be  removed  and  the  machine  adjusted 
so  that  the  emery  wheel  comes  against  the  lathe  center.  A 
rubber  wheel  d  is  pressed  against  the  cone  pulley  by  the 
handle  y.     The  lathe  is  run  at  its  fastest  speed  backwards, 
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while  the  emery  wheel  is  moved  along  the  face  of  the  center 
by  moving  the  shaft  operated  by  the  knob  e. 

52.  When  both  centers  are  to  be  trued,  the  dead  center 
should  be  trued  first.  It  is  put  in  the  place  of  the  live 
center,  and,  while  there,  ground  smooth  and  true.  It  is 
well  to  polish  the  dead  center  with  emery  cloth  and  oil. 
The  live  center  may  next  be  ground  and  left  in  place  after 
grinding,  so  that  it  will  run  true.  Before  grinding  or  tru- 
ing a  center,  great  care  should  be  taken  that  the  center  hole 
in  the  spindle  is  very  clean  before  the  center  is  put  in  place. 
If  any  dirt  or  specks  of  shavings  are  between  the  center  and 
the  hole,  it  will  hold  the  center  away  at  that  point  and  make 
an  incorrect  fit.  The  center  might  be  trued  while  in  this 
position  and  it  would  run  true  until  the  dirt  was  removed, 
whereupon  it  would  at  once  be  untrue. 

53.  Removing  the  Live  Center.  —  Live  centers 
should  never  be  removed  from  the  spindle  of  the  lathe  un- 
less it  is  absolutely  necessary.  When  chucks  are  used  on 
lathes,  and  rods  are  passed  through  the  spindle,  it  becomes 
necessary  to  remove  the  centers.  If  only  for  plain  chuck 
work,  the  center  hole  should  be  plugged  with  waste,  as  it  is 
very  difficult  to  clean  the  dirt  that  accumulates  from  the 
spindle  when  the  hole  is  left  open. 

It  is  often  the  case  that  the  center  hole  in  the  spindle  is 
not  absolutely  true  and  that  if  the  center  be  true  in  one  posi- 
tion i[i  the  hole,  it 
would  run  untrue  if 
given  a  part  of  a  revo- 
lution to  another  posi- 
tion. In  such  cases  it 
is  best  to  mark  a  line 
along  the  length  of  the 
lathe  center^,  Fig.  20, 
and  draw  a  radia!  lined 
on  the  nose  of  the  lathe 
spindle.      The   center  p,o,  tg. 
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can  always  be  put  in  the  same  relative  position  to  the  spindle 
by  making  the  marks  a  and  b  coincide,  as  shown.  After 
lathe  centers  are  once  made  true,  they  should  be  cared  for. 
Care  should  be  taken  to  keep  the  dead  center  well  oiled. 
When  the  live  center  appears  to  be  true,  but  has  not  been 
recently  ground,  its  truth  may  be  tested  by  using  an  indi- 
cator.    These  indicators  will  be  described  later. 

54,  Lrlnins  Lathe  Centers. — In  order  to  turn  work 
properly  between  the  lathe  centers,  it  is  necessary  that  they 
be  **  in  line"  with  each  other  and  with  the  line  of  tool 
motion.  If  the  centers  are  much  out  of  line,  as  they  would 
be  after  turning  a  taper,  they  may  be  roughly  set  by  placing 
the  dead  center  very  close  to  the  point  of  the  live  center  and 
adjusting  until  the  points  appear  to  be  opposite,  or  the  dead 
center  may  be  set  by  the  use  of  the  scale  or  zero  mark  on 
the  tailstock.  To  adjust  the  dead  center  still  further,  a 
test  bar  about  1  foot  long  may  be  used.  It  is  carefully  cen- 
tered with  its  ends  each  finished  to  some  one  diameter,  while 
the  middle  portion  is  slightly  reduced.  This  bar  is  held 
between  the  lathe  centers  and  the  tool  adjusted  to  touch  the 
bar  at  the  live-center  end.  After  the  tool  is  thus  adjusted, 
the  carriage  is  moved  to  the  dead-center  end  and  the  tail- 
stock  adjusted  so  that  the  tool  just  touches  the  bar  at  this 
end.  Instead  of  using  a  tool  in  the  tool  post,  an  indicator 
may  be  used.  This  will  indicate  how  much  the  centers  are 
out  of  line.  After  the  centers  are  lined,  the  work  being 
turned  should  be  carefully  calipered  as  the  cut  proceeds,  to 
be  sure  that  the  "lining"  was  correctly  done. 

55.  Wear  of  tlie  Tool. — Sometimes  when  the  centers 
are  correctly  lined,  the  work  may  be  slightly  tapered, 
growing  larger  at  the  headstock  end,  owing  to  the  wearing 
away  of  the  point  of  the  tool,  thus  making  the  work  larger. 


BRRORS  IN  SCRB^Kir  CUTTING. 

56*     Errors   Due  to  Imperfect  Leadscreinrs. — The 

chances  for  error  in  cut  screws  in  the  lathe  are  numerous. 
The  chief  error  is  the  inaccuracy  of  pitch  due  to  an  imperfect 
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leadscrew.  The  best  remedy  for  this  sort  of  error  is  to 
use  a  leadscrew  that  is  known  to  be  perfect  within  a  given 
limit.  All  the  lathes  in  a  shop  should  be  tested,  and  all 
particular  screw  cutting  given  to  those  that  have  the  most 
perfect  leadscrews.  In  cutting  long  screws,  the  work  fre- 
quently becomes  heated  above  the  temperature  of  the  lead- 
screw.  The  result  is  that  the  screw  being  cut  will  be  short 
when  cool.  The  remedy  is  to  keep  the  work  cool  with 
plenty  of  oil  or  water. 

57.     Cutting    Taper    Tbreads.  —  In     cutting    taper 
threads,  the  taper  attachment  should    be   used.      A    true 


taper  thread  cannot  be  cut  by  setting  over  the  center.  If  the 
point  of  a  thread  be  followed  around  a  screw,  it  will  be 
found  to  follow  in  the  line  of  a  true  curve.  This  curve, 
which  is  made  by  the  sharp  point  of  a  V  thread,  is  called  a 
faellx.  If  a  thread  should  be  so  cut  that,  in  following  this 
curve,  it  would  advance  rapidly  along  the  screw  for  a  part 
of  a  turn,  and  slowly  for  another  part  of  the  turn,  the  rate  of 
advance  not  being  uniform,  then  the  thread  would  not  be 
a  true  thread,  but  would  be  known  as  a  drunken  thread. 

S8.  Suppose  that  it'is  desired  to  cut  a  very  blunt  taper 
by  setting  over  the  center,  as  shown  in  Fig.  21.  Let  Fig.  22 
represent  an  end  view  of  the  same  piece,  with  the  tailstock 
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removed  and  the  work  still  in  position.    Suppose  the  line  A  B 
be  drawn  through  the  axis  of  the  work  and  through  the 

lathe  dog,  as  shown.  It  will  be  no- 
ticed that  the  notch  in  the  face  plate 
is  slightly  behind  its  perpendicular 
position.  This  is  due  to  the  angu- 
larity of  the  tail  of  the  dog,  caused  by 
setting  over  the  dead  center.  This 
angularity  may  be  more  clearly  seen 
by  reference  to  Fig.  21.  Suppose  we 
wish  to  give  the  work  a  quarter  of  a 
turn.  As  the  work  and  the  machine 
revolve,  the  tail  of  the  dog  slides  into 
the  notch  of  the  face  plate  until  it  is 
directly  at  the  front  of  the  lathe  in 
a  horizontal  position.  At  the  end  of  the  next  quarter  of  a 
turn  of  the  work,  when  the  line  ^  ^  is  inverted,  a§  shown 
in  Fig.  23,  it  will  be  seen  that  the  notch  in  the  face  plate 
has  passed  beyond  the  lower  quarter  point.  After  the  next 
half  turn,  the  work  would  be  in  the  position  shown  in  Fig.  22. 
It  will  be  seen  that  during  the  first  half  turn  of  the  work,  the 
lathe  or  face  plate  made  considerably  more  than  half  a  turn, 
passing  through  the  angle  a  b  c. 
Fig.  23.  During  the  second  half  turn 
of  the  work,  the  face  plate  did  not 
make  a  complete  half  turn,  as  it  only 
passed  through  the  angle  c  d  a. 
This  shows  that  the  work  did  not 
revolve  at  a  uniform  rate  of  speed 
with  the  lathe.  While  the  lathe  re- 
volved at  a  uniform  speed,  the  work 
first  dragged  behind  and  then  accel- 
erated until  at  the  end  of  the  revo- 
lution they  were  again  together. 
The  feed,  however,  would  be  mov- 
ing the  tool  along  at  a  uniform  rate  of  speed.  When  this 
sort  of  action  takes  place  in  screw  cutting,  the  screw  cannot 
be  of  uniform  pitch,  but  will  be  a  drunken  pitch. 
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FITTING  CYLINDRICAL  WORK. 


KINDS  OF  FITS  AND  THEIR  USES. 

59*  Meaning  of  ttie  Term  Fit.  —  The  expression 
**  making  a  fit "  may  convey  a  number  of  meanings  to  the 
workman.  It  may  mean  that  when  two  pieces  are  put 
together  they  will  be  free  to  slide  over  each  other,  or  that 
they  will  be  locked  together.  That  which  would  be  called  a 
good  fit  in  one  instance  would  be  a  bad  fit  in  another. 

60.  Kinds  of  Fits. — In  ordinary  machine  construc- 
tion, there  are  four  kinds  of  fits  commonly  used.  They  are: 
(1)  working  or  sliding  fit ;  (2)  driving  fit ;  (3)  force  fit ; 
(4)  shrink  fit.  The  first  is  used  for  parts  that  work  or 
slide  upon  one  another,  such  as  shafts,  spindles,  etc.  The 
last  three  are  used  when  the  parts  are  put  together  with 
the  intention  of  their  remaining  in  a  fixed  position. 


SLIDING  FITS. 

61.  Requirements  for  a  Good  Sliding  Fit. — The 

most  nearly  perfect  sliding  or  working  cylindrical  fits  are 
those  whose  surfaces  most  nearly  approach  perfect  cylinders. 
There  must  be  sufficient  difference  in  diameter  to  allow 
the  shaft  to  revolve  freely  and  to  admit  oil  for  lubricating. 
If  the  shaft  and  bearing  were  exactly  the  same  diameter, 
the  shaft  might  be  turned  in  the  bearing  so  long  as  it  was 
kept  slightly  in  motion,  but  as  soon  as  it  stopped,  it  would 
be  very  difficult  to  start  it  again.  With  such  perfect  fits, 
the  heat  that  would  be  generated  by  the  revolving  shaft 
would  cause  it  to  expand  so  that  it  would  be  larger  than  the 
bearing,  and  this  would  change  the  sliding  fit  to  a  solid  fit. 

62.  Allo^^ances  in  Sliding  Fits. — The  closeness  of 
the  cylindrical  fit  depends  on  the  diameter  of  the  work, 
the  length  of  hole,  and  the  condition  of  the  surfaces. 
Greater  differences  in  diameter  are  allowed  for  large  shafts 
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than  for  small  ones.  In  some  small  machines,  spindles 
about  ^  inch  in  diameter  will  require  not  over  .0005  inch 
difference  in  diameter,  while  a  shaft  13  inches  would  require 
from  .005  to  .01  inch. 

63.  Making  Sliding  Pits.— To  make  a  good  fit,  the 
surface  should  be  smooth  and  true.  If  the  hole  or  bearing 
is  finished  by  boring,  the  tool  should  be  made  to  take  a  very 
smooth  cut.  If  there  is  any  danger  that  the  work  is  sprung 
from  the  chucking,  the  pressure  should  be  relieved  as  much 
as  possible  before  taking  the  finishing  cut.  The  work 
should  be  tested  to  determine  if  it  is  round  and  the  sides 
parallel.  Whenever  it  is  possible  to  finish  holes  by  reaming, 
it  is  best  to  do  so.  Reaming  tends  to  make  the  holes  a 
standard  size  and  to  make  the  walls  of  the  holes  smooth  and 
parallel.  When  a  working  fit  is  being  made,  it  is  best  to 
finish  the  bearing  first,  as  it  is  easier  to  fit  the  shaft  to  the 
hole  than  to  bore  the  hole  to  fit  the  shaft.  When  gauges 
are  at  hand,  the  "cut-and-try  "  method  is  done  away  with, 
since  the  holes  are  all  reamed  to  pass  the  limit  gauge  and 
the  shaft  also  is  turned  within  limits,  so  that  the  pieces  will 
fit  each  other  with  sufficient  accuracy. 

64.  Standard  or  limit  gauges  are  not  always  used, 
especially  when  but  a  few  pieces  of  a  size  are  to  be  fitted. 

In  this  case,  the  hole  that  has 
been  finished  must  act  as  the 
gauge  for  the  shaft.  The  close- 
ness of  the  fit  depends  greatly, 
as  before  stated,  on  the  smooth- 
ness of  the  surfaces.  Suppose  the 
bearing  has  been  reamed,  but  the 
shaft  finished  with  an  ordinary 
finishing  cut,  and  the  shaft  just 
slides  easily  into  the  bearing.  A 
^"'■**-  section  through  the  work  showing 

the  conditions  of  the  fit  is  shown  in  Fig.  34.  Here  the  bear- 
ing touches  only  upon  the  points  of  the  tool  marks,  which 
are  shown  in  somewhat  exaggerated  form  in  the  figure.     It 
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may  be  seen  that  if  such  a  fit  were  allowed  to  pass,  it  could 
not  wear  long,  since  the  pressure  would  come  on  the  points 
of  the  tool  marks,  causing  them  to  wear  away  rapidly. 
Furthermore,  because  of  the  spiral  threads  or  tool  marks 
around  the  work,  it  would  be  difficult  to  keep  the  bearing 
lubricated,  the  spiral  thread  tending  to  drive  the  oil  out  of 
one  end  or  the  other  of  the  bearing,  depending  on  the  direc- 
tion of  the  rotation  of  the  shaft.  Because  of  a  lack  of  oil 
and  the  narrow  bearing  points,  such  a  fit  would  soon  wear 
loose. 

This  same  wearing  action  would  take  place  if  the  shaft 
were  smooth  and  true,  but  the.  bore  left  with  clearly  defined 

tool  marks. 

• 

65«  To  make  the  fit  as  it  should  be,  the  shaft  should  be 
turned  with  a  smooth  cut  to  such  a  diameter  that  it  would 
not  quite  enter  the  hole  because  of  the  projecting  tool  marks. 
These  tool  marks  should  be  carefully  removed  by  filing  or 
by  grinding.  The  best  class  of  work  is  now  being  finished 
on  grinding  machines,  since  this  method  finishes  the  work 
smooth  and  true  and  in  less  time  than  it  can  be  done  by  filing. 
When,  however,  it  is  necessary  to  fit  by  filing,  care  should 
be  taken  that  it  is  evenly  done.  If  the  turning  is  correctly 
done,  it  will  need  only  a  few  strokes  of  the  file  to  remove  the 
desired  amount.  The  less  filing  necessary  after  the  tool 
marks  are  removed,  the  better  the  chances  for  a  good  fit. 


DRIVING  FITS. 

66.  Meaning  of  the  Term  Drlvlns  Fit. — In  a  drl- 
▼ins  fit  the  plug  or  shaft  is  made  slightly  larger  than  the 
enveloping  piece,  and  they  are  put  together  by  driving.  This 
method  is  used  when  the  two  pieces  are  intended  to  keep  a 
fixed  position  in  relation  to  each  other. 

67.  Alloi^ances  for  Driving:  Fits. — The  allo^vance 

for  driving,  which  is  the  difference  in  diameter,  depends  on 
the  diameter  of  the  work,  the  lengths  of  the  holes,  the  con- 
dition of  the  surfaces,  and  the  strength  of  the  enveloping 
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piece.  If  the  holes  are  long,  less  difference  in  diameter  is 
required  than  when  the  holes  are  short.  When  the  hole 
and  the  shaft  are  each  finished  smooth,  a  very  slight  differ- 
ence in  diameter  makes  a  great  difference  in  the  closeness  of 
fit.  If  the  surfaces  are  rough,  a  much  greater  difference  in 
diameter  is  allowable.  When  the  surfaces  are  smooth,  a  dif- 
ference of  from  .0005  to  .001  inch  will  make  a  very  tight  fit 
on  work  about  1  inch  in  diameter,  while  for  such  a  fit  as 
shown  in  Fig.  24,  where  the  surfaces  are  rough,  a  difference 
of  .002  or. 003  inch  will  be  necessary.  When  these  rough 
pieces  are  put  together,  the  roughness  of  the  faces  is  worn 
down  as  they  are  driven  over  each  other,  so  that,  if  they 
should  be  driven  apart,  the  surfaces  would  be  found^  to  be 
much  smoother  than  before. 

68.  Making  a  Driving  Fit. — When  putting  pieces 
together  with  a  driving  fit,  the  surfaces  should  be  oiled. 
The  piece  into  which  the  shaft  is  to  be  driven  should  be 
set  upon  a  firm  foundation  and  the  shaft  driven  to  place  with 
a  hammer  or  sledge.  Care  should  be  taken  not  to  bruise  the 
work  when  driving  it;  consequently,  a  block  of  wood  or  lead 
is  used  to  strike  upon.  Sometimes  the  work  is  of  such  shape 
and  in  such  a  position  that  a  ram  can  be  rigged  for  driving 
the  pieces  together.  This  consists  of  a  beam  supported  from 
above  by  ropes  or  chains  so  that  it  hangs  in  a  horizontal 
position,  level  with  the  work.  The  beam  is  drawn  back  and 
then  pushed  forwards  so  that  its  end  strikes  against  the  work. 
This  makes  a  very  effective  way  of  driving.  If  the  work  is 
large  and  the  fit  is  very  close,  the  driving  may  be  helped  by 
using  clamps  and  bolts,  which  can  be  arranged  to  assist  in 
drawing  or  forcing  the  pieces  together.  With  the  combined 
forces  of  the  bolts  and  the  ram,  the  shaft  can  be  driven  to 
place. 

FORCBD  FITS. 

69.  Use  of  Forced  Fits. — When  the  work  is  large,  and 
there  is  a  large  amount  to  be  done,  the  pieces  are  forced 
together  by  hydrostatic  pressure.     When  fits  are  prepared 
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to  be  put  together  in  this  way,  they  are  called  forced  fits. 
This  method  of  putting  pieces  together  is  used  for  putting 
engine  cranks  on  shafts,  or  for  putting  crankpins  in  the 
cranks,  and  for  a  great  variety  of  similar  work.  It  is  prob- 
ably used  more  extensively  for  putting  the  wheels  on  car 
axles  than  for  any  other  purpose. 

70.  Allo^rances  for  Forced  Fits.  —  The  allowance 
for  forced  fits  is  a  little  more  than  for  driving  fits.  The 
amount,  however,  depends  on  the  materials  used,  the  size  of 
the  hole,  its  length,  and  the  condition  of  the  surfaces.  It  is 
the  practice  of  some  engine  builders,  who  put  the  cranks  and 
crankpins  together  with  forced  fits,  to  allow  about  .0025  inch 
difference  for  each  inch  in  diameter.  This  requires  a  pres- 
sure of  from  10  to  13  tons  per  inch  in  diameter,  depending 
on  the  length  of  the  hole,  to  force  the  pieces  together.  This 
pressure  is  estimated  for  diameters  that  range  from  3  to  8 
inches. 

In  fitting  car  wheels  and  axles,  they  are  required  .to  go 
together  within  the  limits  of  certain  pressures.  One  rail- 
road company  requires  that,  for  certain  classes  of  wheels, 
the  pressure  required  to  force  the  wheel  on  to  the  axle  shall 
not  be  less  than  25  tons  nor  over  35  tons.  On  an  axle  7  inches 
long  and  4J  inches  in  diameter,  an  allowance  of  about 
.007  inch  is  made.  This  requires  a  pressure  of  about  30  tons 
to  press  the  wheel  on. 

71.  Making  a  Forced  Fit.  —  Considerable  skill  is 
required  by  the  workmen  to  make  these  fits,  yet,  after  a 
little  practice,  they  do  it  rapidly  and  can  tell  within  a  few 
tons  the  exact  pressure  that  will  be  required  to  force  the 
wheel  into  place.  In  calipering  the  axles,  the  exact  differ- 
ence is  not  always  measured  by  the  workman.  He  may  use 
a  snap  gauge  that  has  been  made  sufficiently  large  to  allow 
for  the  fit;  or,  if  calipers  are  used,  he  may  set  them  the 
correct  size  and  test  the  work  so  that  a  certain  pressure  is 
required  to  force  them  over  the  work,  experience  having 
taught  him  how  great  this  pressure  should  be. 
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SHRINK  FITS. 

72.  Meaning  of  the  Term  Shrink  Fit. — A  shrink 
fit  refers  more  particularly  to  the  method  of  putting  the 
parts  together  than  to  the  fit  itself.  The  pieces  are  pre- 
pared in  much  the  same  way  as  for  the  forced  fit.  When 
the  pieces  are  put  together,  the  outer  piece  is  heated,  which 
expands  the  hole  sufficiently  to  let  the  plug  drop  in.  When 
the  outer  piece  again  cools,  it  contracts  sufficiently  to  grip 
the  pin  with  great  force. 

73.  U»e  of  Shrink  Fits. — When  the  pieces  are  large 
and  strong  and  of  certain  shapes,  pressure  may  be  used  for 
putting  them  together  without  danger  of  bending  or  dis- 
torting them.  On  other  classes  of  work  there  is  no  chance 
to  drive  or  force  the  pieces  together;  for  example,  putting 
the  tires  on  locomotive  wheels.  For  such  large  diameters, 
the  difference  of  diameter  in  the  fit  would  be  so  great  that  it 
would  be  difficult  to  start  the  tire  on  the  wheel  and  very 
powerful  presses  would  be  required.  By  heating  the  tire,  it 
expands  sufficiently  to  let  it  drop  over  the  wheel  center  with 
perfect  freedom.  Shrink  fits  are  very  often  employed  on 
small  work  in  shops  that  have  no  press  to  put  forced  fits 
together. 

74.  Allow^ance  for  Shrink  Fits. — The  amount  of 
allowance  for  shrink  fits  is  generally  a  little  more  than  for 
forced  fits.  A  fair  rule  for  small  work  in  making  shrink 
fits  is  to  allow  about  .003  inch  for  the  first  inch  in  diameter 
and  to  add  .001  inch  for  each  extra  inch.  The  amount 
allowed  for  locomotive  drivers  varies,  depending  on  the  size 
of  the  wheel  and  the  service.  Most  locomotive  builders 
allow  from  ^J^  to  -^  inch  to  the  foot  in  diameter. 

75.  Assemblinu:  Shrink  iPlts. — In  making  a  shrink 
fit,  the  piece  that  has  been  bored  is  heated  slightly  and 
evenly.  Ordinarily,  a  heat  just  sufficient  to  show  a  dull  red 
is  more  than  is  required.  Care  should  be  taken  that  the 
piece  is  never  hot  enough  to  scale.  The  diameters  should 
previously  be  tested  so  that  there  will  be  no  danger  that  the 
pieces  will  not  go  together  when  one  is  heated.    If  too  much 
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allowance  has  been  made,  the  pieces  sometimes  catch  before 
the  shaft  is  quite  through  to  the  desired  place.  Unless  it  is 
instantly  removed,  it  will  bind  so  that  it  will  be  impossible 
to  move  it  either  way.  This  is  because  the  shaft  begins  to 
expand  as  soon  as  it  enters  the  bored  piece,  and  if  the  differ* 
ence  in  diameter  is  slight  at  first,  it  will  be  very  quickly 
made  up  by  the  rapid  expansion  of  the  shaft.  Thus,  it  may 
be  seen  that  great  speed  is  necessary  in  putting  the  pieces 
together  when  shrink  fits  are  used.  This  is  especially  true 
on  small  work.  When  the  pieces  are  larger,  such  haste 
is  not  important. 

In  shrinking  smaller  pieces,  as  soon  as  the  plug  is  in  place, 
water  should  be  applied  to  keep  it  cool.  The  enveloping 
piece  must  not  be  cooled  too  suddenly  or  it  is  liable  to  crack, 
especially  if  it  be  cast  iron.  If  a  gear-wheel  is  being  shrunk 
on  a  shaft  and  too  much  water  is  applied  to  the  shaft  and 
the  hub  of  the  wheel,  there  is  danger  that  some  of  the  arms 
will  crack.  If  a  cast-iron  disk  is  being  shrunk  on  a  shaft 
and  the  circumference  of  the  disk  be  rapidly  cooled,  there 
is  danger  that  a  radial  crack  will  appear  at  the  edge. 

76.  Buildinff  Up  Large  Guns. — There  is  probably 
no  finer  example  of  making  shrink  fits  than  that  illustrated 
in  the  building  of  the  large  guns  now  constructed  for  the 
army  and  navy.  These  guns  are  built  up,  or  made  of  a 
number  of  pieces.  The  first  part  is  a  long  tubular  piece  the 
length  of  the  gun.  Over  this  tube  is  fitted  and  shrunk  a 
number  of  bands  or  hoops  called  Jackets,  and  over  these  is 
fitted  another  set  of  hoops.  Great  skill  is  required  in  turn- 
ing the  jackets  and  the  tube  so  that  when  the  jackets  are 
shrunk  on,  they  will  exert  a  certain  amount  of  compressive 
force.  This  compressive  force  varies  along  the  length  of 
the  tube.  A  corresponding  difference  or  allowance  in  the 
fit  must  be  made  to  give  the  various  pressures  desired.  The 
average  allowance  is  from  .0012  to  .0015  inch  per  foot.  It 
may  be  seen  that  great  skill  is  required  to  bore  and  turn 
these  pieces  to  the  correct  size,  as  a  difference  of  from  .001 
to  .00^  inch  may  be  sufficient  to  cause  rejection. 
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When  the  jackets  or  hoops  are  put  on  a  gun  tube,  they  are 
first  heated  by  wood  or  gas  fires.  When  sufficiently  hot,  they 
are  dropped  over  the  tube  standing  on  end  in  a  pit.  As 
soon  as  the  jacket  is  in  place,  streams  of  water  are  turned 
on  the  tube  to  keep  it  cool  and  to  cool  the  jacket. 


LATHE  ARBORS,  OR  MANDRELS. 


SOLID    ARBORS. 

77.  Meaning  of  the  Termsi  Arbor  and  Mandrel. 
A  lathe  arbor  is  a  shaft  or  spindle  that  may  be  used  when 
turning  the  outside  of  bored  pieces  by  driving  the  arbor 
into  the  bored  hole  and  revolving  it  between  the  lathe  cen- 
ters. 

The  term  mandrel  is  very  commonly  applied  to  the  same 
article,  but  is  also  used  for  designating  a  piece  or  form  about 
which  the  blacksmith  forges  a  ring,  tube,  or  collar,  or  for  a 
center  about  which  glass  or  any  similar  material  is  cast,  the 
term  arbor  never  being  used  in  this  latter  sense.  The  term 
mandrel  is  also  used  to  designate  the  support  for  a  circular 
saw  or  milling  cutter. 

78.  Shape  or  Form  of  Solid  Arbors. — Arbors  are 

commonly    used    on    work   having   a    bore   of   3  inches  in 

diameter  or  less.  The  best 
forms  are  the  solid  ones 
made  from  tool  steel  and 
Fig.  25.  hardened   and    tempered. 

Such  an  arbor  is  shown  in  Fig.  25.     These  arbors  are  made 

slightly  under  size   at  the  ends,   for  the 

dog  to  be  put  on.     The  center  holes  should 

be  carefully  made  so  that  they  will  not  be 

injured  by  driving.  Fig.  2G  shows  a  sec- 
tion through  the  end  of  a  properly  formed 

center  hole  in  a  lathe  arbor.     It  will  be 

noticed  that  the  edges  of  the  center  hole 

are  well  rounded.     This  form  is  given  to  piQ.  ^ 
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the  center  hole  so  that  if  the  arbor  is  bruised  on  the  end 
when  driving,  or  from  any  other  cause,  there  will  not  be  so 
much  danger  of  the  center  hole  being  destroyed.  If  the  end 
of  the  arbor  were  flat  and  it  should  be  bruised  near  the  cen- 
ter  hole,  a  slight  bump  would  be  raised  on  one  side  of  the 
hole  that  would  be  sufficient  to  throw  the  arbor  slightly  out 
of  line.  To  further  preserve  the  center  holes,  the  arbor  is 
hardened.  These  center  holes  should  be  made  with  great 
care,  the  angle  being  60°,  so  that  they  will  exactly  fit  the 
lathe  center.  In  the  best  made  arbors,  the  center  holes  are 
ground  true  after  hardening.  The  central  portion  of  the 
arbor  is  carefully  ground  to  size,  being  made  slightly  tapered. 

79.  The  small  end  of  the  arbor  is  generally  about  the 
exact  size,  while  the  large  end  is  from  .002  to  .003  inch 
larger,  depending  on  the  length  of  the  arbor  and  the  length 
of  the  work  to  be  turned.  The  large  end  is  distinguished  by 
the  size  of  arbor  being  stamped  upon  it.  These  arbors  are 
ground  to  standard  sizes  and  should  fit  holes  reamed  with 
standard  reamers.  The  necessity  of  keeping  them  true  may 
readily  be  seen  when  a  pulley  or  similar  piece  is  to  be  turned 
true  with  a  part  that  has  been  bored  and  reamed.  It  is 
evident  that  if  the  arbor  is  untrue,  the  hole  will  run  untrue 
as  the  work  revolves.  The  rim  or  part  of  the  work  being 
turned  will  be  cut  true  with  the  machine,  but  will  not  be 
true  with  the  bore.  When  the  finished  pulley  is  placed  on 
a  shaft  that  runs  true,  the  rim  of  the  wheel  will  wabble.  It 
may  be  seen  that  an  untrue  arbor  will  always  produce  un- 
true work  and  lead  to  a  great  deal  of  trouble. 

Arbors  may  become  untrue  from  the  wear  of  the  center 
holes  and  from  their  being  sprung  when  driven  into  the 
work,  or  by  taking  too  heavy  a  cut  on  the  work  for  which 
they  are  used. 

80.  Care  of  Centers  of  Arbors. —  Care  should  be 
given  to  the  dead  center  when  the  arbor  is  being  used,  to 
keep  it  well  oiled  and  to  see  that  the  arbor  does  not  expand 
because  of  heat  sufficiently  to  make  it  grip  on  the  dead 
center.     When  there  is  danger  of  spoiling  both  arbor  center 
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and  lathe  center,  a  bronze  dead  center  may  be  used.  The 
bronze  is  soft  enough  so  that  if  the  arbor  becomes  dry  it 
will  simply  wear  away  the  bronze  without  injury  to  itself. 
For  certain  classes  of  work,  the  accuracy  of  which  would  not 
be  affected  by  havingthe  dead  center  moved  slightly  during 
the  cut,  these  bronze  centers  are  very  good,  but,  for  the 
general  run  of  work,  it  is  better  to  employ  steel  centers  and 
see  that  they  are  well  lubricated  and  not  set  up  too 
closely. 

81 .  Putting  Arbors  in  tlie  Work,— ^When  an  arbor  is 
put  in  a  piece  of  work,  it  is  usually  driven  in.  The  hole  and 
the  arbor  are  coated  with  oil,  to  keep  the  surfaces  from  cut- 
ting, and,  while  the  work  is  well  supported  upon  the  driving 
block,  the  arbor  is  driven  in  with  a  soft-faced   mallet  or 

hammer.     Hard-faced  ham- 

* 

mers  should  never  be  used 
for  driving  arbors.  Babbitt 
or  rawhide-faced  hammers 
are  the  best.  If  the  work  is 
small,  much  driving  is  not 
necessary.  Judgment 
should  be  used,  as  it  will  be 
found  that,  if  the  pieces  fit 
well,  it  will  take  but  little 
pressure  to  force  the  arbor 
into  the  work  sufficiently  to 
keep  it  from  slipping.  The 
practice  of  some  workmen 
of  driving  an  arbor  as  long 
as  it  can  be  moved  is  bad. 
When  driving  arbors,  care 
should  be  taken  to  strike 
fair  blows  on  the  end,  as 
untrue  blows  are  liable  to 
spring  it. 


.^<ni 
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82.     A  far  better  way  of 
putting  arbors  in  the  work 
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is  by  the  use  of  an  arbor  press.  Fig.  27  shows  a  style  of 
press  used  for  this  purpose.  It  consists  of  a  heavy  cast-iron 
frame,  to  which  is  fitted  a  plunger  a,  which  is  operated  by 
means  of  the  hand  lever  b.  When  an  arbor  is  to  be  pressed 
into  a  piece  of  work,  the  work  and  the  arbor  are  brought 
under  the  plunger  so  that  the  arbor  may  be  pressed  in  with 
a  direct,  uniform  load.  These  presses  are  much  more  con- 
venient for  putting  in  arbors  than  the  method  of  driving, 
and  they  also  lessen  the  danger  of  springing  the  work. 
Sometimes  an  arbor  may  be'  sprung  by  driving  it  into  a 
crooked  hole,  if  the  hole  is  long  and  the  arbor  slender. 

After  an  arbor  is  driven  into  the  work  with  a  soft-faced 
hammer,  the  center  hole  should  be  carefully  cleaned  before 
the  work  is  put  between  the  lathe  centers.  Dirt  in  the  cen- 
ter holes  of  an  arbor  has  the  same  result  in  making  work 
untrue  as  untrue  lathe  centers. 

83.  Heavy  Cuts  on  \A%\%t  Arbora. — Very  often  an 
arbor  is  sprung  by  taking  too  heavy  a  cut.  This  is  partic- 
ularly true  if  the  work  is  large.  For  small  work,  the  arbor 
will  have  sufficient  friction  in  the  work  to  drive  it  so  that  a 
dog  may  be  put  on  the  arbor,  but  if  the  work  is  large  and  the 
bore  is  small,  the  arbor  will  not  have  sufficient  friction  to 
drive  it.  The  arbor  can  then  only  be  used  to  support  the 
work,  while  the  driving  should  be  done  by  means  of  a  pin  or 
stud  on  the  face  plate.  When  the  work  is  thus  driven,  it 
makes  it  possible  to  take  heavy  cuts,  but  if  a  deep,  heavy  cut 
be  taken  on  the  outside  of  a  large  piece  supported  on  a 
small  arbor,  the  side  thrust  of  the  tool  will  act  with  such  a 
leverage  on  the  work  that  it  will  spring  the  arbor.  Light 
cuts,  therefore,  must  be  taken. 

84.  Cutting  Close  to  Arbors  Witb  a  Tool. — When 
cutting  close  to  an  arbor  with  a  side  tool,  as  is  the  case  when 
facing  hubs  or  similar  work,  care  should  be  taken  not  to 
cut  into  the  arbor  with  the  tool.  While  the  arbor  may  be 
hardened,  it  is  not  always  harder  than  the  tool  point. 

85.  Cast-iron  Solid  Arbors. — When  solid  arbors  of 
large  size  are  to  be  used,  they  are  sometimes   made  from 
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cast  iron.  The  ends  of  such  an  arbor  are  drilled  and  steel 
plugs  fitted  for  the  center  holes.  These  plugs  are  hardened 
after  the  center  holes  are  correctly  made  and  driven  or 
screwed  into  the  cast-iron  arbor.  When  cast-iron  boring 
bars  are  made,  it  is  better  to  use  hardened-steel  center  plugs. 


EXPANDING    MANDRELS. 

86.  Advantages  of  Expanding  Mandrels. — While 
the  hardened  solid  steel  arbor  is  the  best  form,  there  are 
inconveniences  that  arise  from  its  exclusive  use.  In  order 
to  be  prepared  for  all  sizes  of  work,  a  very  large  stock  of 
arbors  would  be  necessary.  This  leads  to  inconvenience  in 
some  shops,  while  in  other  shops  it  is  beneficial.  Shops 
doing  a  great  variety  of  work  where  all  sizes  of  holes  are 
bored,  demand  an  arbor  or  mandrel  that  can  be  adjusted  to 
slight  differences  of  diameter.  Shops  that  are  making  a  par- 
ticular line  of  work  where  many  pieces  are  turned  to  the 
same  size  are  benefited  by  using  the  solid  arbor;  first ^ 
because  it  is  more  accurate  in  itself;  and,  second,  it  acts  as 
a  second  check-gauge  on  the  work.  If  a  piece  that  has  been 
bored  too  large  gets  into  the  lot,  it  cannot  be  finished,  since 
the  arbor  will  not  hold  the  work.  When  the  cost  of  keeping 
a  lot  of  arbors  up  to  a  standard  size  is  considered,  the  type  of 
arbor  that  will  expand  within  certain  limits  and  fit  all  sizes 
of  holes  within  these  limits  is  much  cheaper  than  a  great 
stock  of  solid  arbors. 

87.  Typeis  of  Expanding  Mandrels. — A  number  of 
types  of  expanding:  mandrels  are  on  the  market.    Fig.  28 


Pig.  28. 


shows  one  type  of  expanding  mandrel.  It  consists  of  a 
tapered  arbor  ^^,  which  fits  into  a  tapered  split  bushing  b. 
The  bushings  are  ground  round  and  parallel  on  the  outside. 
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As  the  tapered  mandrel  is  driven  into  the  work  and  the 
bushing,  the  latter  expands,  thus  filling  the  hole.  The 
method  of  splitting  the  bushing  as  here  shown  allows  it 
to  spring  and  expand  evenly  within  quite  a  wide  range  of 
limits. 

88.  Another  form  of  expanding  mandrel  is  shown  in 
Fig.  29.  This  consists  of  a  steel  arbor  that  has  been  cen- 
tered with  the  same  care  found  necessary  in  solid  arbors. 


PIO.  20. 

Four  rectangular  grooves  are  cut  along  its  sides,  these 
grcroves  being  cut  deeper  at  one  end  than  at  the  other.  A 
sleeve  s  fits  nicely  over  the  arbor.  This  sleeve  has  slots  cut 
in  its  sides,  which  come  opposite  the  grooves  cut  in  the  arbor. 
A  hardened-steel  jaw  is  fitted  into  each  groove  and  slot.  As 
the  sleeve  moves  along  the  arbor,  it  carries  the  jaws  with 
it,  and,  because  of  the  varying  depths  of  the  slots,  the  jaws 
are  moved  in  or  out,  depending  on  the  direction  the  sleeve 
is  moving  upon  the  arbor.  With  this  type  of  mandrel,  dif- 
ferent sets  of  jaws  of  different  heights  may  be  used,  which 
will  give  it  a  range  for  different  sizes  of  holes.  When  the 
work  is  thick  enough  to  be  stiff,  so  that  it  cannot  be  sprung, 
these  mandrels  are  very  convenient,  but  if  the  work  on  the 
mandrel  is  slender,  there  is  danger  of  springing  it,  due  to 
the  outward  pressure  of  the  four  jaws. 

89.  Cone  Arbors. — For  some  classes  of  work,  a  cone 
mandrel,  as  shown  in  Fig.  30,  is  used.  This  consists  of  the 
arbor  part  a,  to  which  are  fitted  two  cone-shaped  pieces  c. 
One  piece  is  held  from  sliding  along  the  arbor  by  the 
shoulder  s.     The  work  is  placed  between  the  cones,  and  the 
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second  cone  tightened  against  the  work  w  by  the  nut  d. 
The  cones  are  kept  from  turning  on  the  arbor  by  keys.   This 


PlO.  80. 

IS  a  very  convenient  way  of  holding  work  to  be  turned  that 
does  not  require  great  accuracy. 

90.  Special  Expanding  Arbor.  —  Fig.  31  shows 
another  form  of  arbor  for  carrying  bored  or  cored  work  that 
is  being  turned  and  faced.  A  'heavy  bar  is  drilled  and 
tapped  SO  that  screws  may  be  put  in  around  the  bar,  as  shown 
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Fig.  81. 


at  s^  s.  The  circles  around  the  bar  in  which  the  screws  -are 
placed  are  at  such  a  point  thafthe  screws  come  near  each 
end  of  the  work.     The  work  is  adjusted  and  held  in  place  by 
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unscrewing  the  screws  from   the  bar,   thus   bringing   the 
pressure  on  the  heads  of  the  screws. 

91.     Brldeea   In   Castlnsa When    heavy  cast  work 

has    a    tapered     cored 

hole   that  would   make 

it   difficult   to   use   the 

arbors   just    described, 

it  is  very  good  practice 

to  cast  a  bridge  across 

the   end   in   which   the 

center     hole     may     be 

placed.     Such  a  bridge 

is  shown  at  B,  Fig.  33. 

A  similar  bridge  should 

be  cast  at  the  other  end  ^o-ib. 

of  the  work.     After  the  turning  is  done,  these  bridges  can 

easily  be  broken  out  if  so  desired. 


NUT    ARBORS. 

92.     After  a  nut  is  tapped,  it  is  still  further  finished  by 
facing  so  that  it  will  be  true  with  the  thread.     This  facing 
is  usually  done  by  screwing  the  nut  on  an  arbor  that  has 
been  threaded  up  to  a  shoulder.     Such  an  arbor  is  shown  in 
section  in  Fig,  33  with  the  nut 
in  place.     It  will  be  seen  that 
if  the  nut  has  not  been  tapped 
squarely    and    that    if    it    fits 
loosely  on  the  arbor,  it  will  first 
come  against   the  shoulder  at 
the  point  a.     As  soon  as  this 
Pi^^  J,  point  touches,  the  nut  will  be 

rocked  on  the  thread  so  that 
the  axis  of  the  nut  thread  will  not  be  parallel  to  the  axis 
of  the  arbor.  If  the  nut  should  be  faced  while  in  this  posi- 
tion, the  face  would  not  be  true  with  the  tapped  thread. 
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93.  To  overcome  this  difficulty,  some  sort  of  equalizing 
washer  must  be  put  between  the  shoulder  of  the  arbor  and 
the  nut,  so  that  the  nut  cannot  be  thrown  out  of  line,  but 
will  be  held  back  squarely  against  the  threads.  Such  a 
device  is  shown  in  section  by  Fig.  34.  The  shoulder  of  the 
arbor  is  rounded  to  a  spherical  shape,  while  the  equalizing 
washer  is  concaved  to  fit  the  round  end  of  the  arbor.  This 
makes  a  joint  similar  to  a  ball-an(t-5ocket  joint.     When  the 


nut  «  is  screwed  against  the  washer  w,  and  it  bears  heavier 
on  one  side  than  the  other,  the  washer  at  once  rocks  on  the 
rounded  end  of  the  arbor  and  adjusts  itself  to  the  face  of  the 
nut.  Sometimes  an  equalizing  washer,  as  shown  in  Pig,  35, 
is  used.  The  shoulder  of  the  arbor  in  this  case  is  squared. 
On  one  face  of  the  washer  are  two  projecting  points  0,11 
diametrically  opposite  each  other.  On  the  other  face  of 
the  washer  are  two  other  points  b,  b  diametrically  opposite, 
but  quartering  with  those  on  the  first  side.  When  the  nut 
is  screwed  against  the  washer  thus  supported,  it  is  free  to 
rock  in  any  direction,  with  the  result  that  it  centers  itself  - 
with  its  threads  and  not  with  the  face  of  the  arbor. 
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EXAMPLES  OF  SPECIAL  LATHE  WORK. 

94.  Ball  Turning:. — In  order  to  turn  balls  in  engine 
lathes,  special  appliances  are  necessary  to  regulate  the  feed. 
Fig.  36  shows  such  an  arrangement  applied  to  turning  a 
large  cast-iron  ball  for  an  engine  bearing.  The  mandrel  b 
is  supported  on  the  lathe  centers  and  driven  by  drivers  on 
the  face  plate  c.  The  ball  a  is  made  in  sections,  which  are 
clamped  to  the  mandrel  b  by  the  iron  bands  d.  If  a  circle 
is  revolved  about  a  diameter,  it  will  generate  part  of  a 
sphere.  This  is  practically  the  principle  that  is  used  in 
turning  this  ball,  as  the  tool  e  moves  in  a  circle  around  the 
work  while  the  work  rotates  with  its  axis  as  a  diameter  of 
the  circle  in  which  the  tool  revolves.  On  the  stationary 
table  /,  the  rotating  circular  table  g  is  ptvoted  and  carries 
with  it  the  upright  //  that  supports  the  tool  post/ and  tool  e. 
At  k,  on  the  rotating  table  g,  is  a  wrought-iron  band  that 
is  fastened  by  capscrews  at  one  end  to  the  table  g.  The 
other  end  is  fastened  to  the  lathe  carnage  /;/,  and  as  the 
lathe  turns  the  carriage  is  fed  away  from .  the  tailstock 
toward  the  end  of  the  lathe,  drawing  with  it  the  band  k  and 
thus  rotating  the  table  g  about  its  axis.  As  the  work 
rotates  in  the  lathe  the  tool  moves  around  it  in  a  circular 
arc,  so  that  it  is  always  the  same  distance  from  the  point 
on  the  axis  that  is  the  center  of  the  sphere. 

On  smaller  work,  a  method  similar  to  this  is  used,  but  the 
tool  is  carried  on  a  table  that  has  a  worm-wheel  fastened  to 
it  and  is  rotated  by  a  worm.  The  worm  may  be  operated 
by  hand  or  from  the  feed-mechanism  of  the  lathe. 

95.  Turning  a  Crank-ShafC. — One  method  of  hold- 
ing a  large  crank-shaft  in  a  lathe  while  turning  its  crankpins 
is  shown  in  Fig.  37.  The  crank-shaft  c  is  so  fastened  that 
the  center  line  of  the  crankpin  d  coincides  with  the  center 
line  of  the  lathe  spindle.  The  clamp  b  that  holds  one  end 
of  the  shaft  is  fastened  to  the  face  plate  a^  and  the  clamp  f 
that  holds  the  other  end  of  the  shaft  has  an  offset  center  g 
into  which  the  dead  center  /  of  the  lathe  fits.  The  counter- 
weight w  is  fastened  to  one  side  of  the  face  plate  to  balance 
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the  weight  of  the  shaft.  The  crankpin  d  is  turned  while  the 
shaft  is  held  in  the  position  shown.  In  order  to  center  the 
shaft  so  as  to  turn  the  pin  e,  the  end  of  the  shaft  neict 
the  tailstock  must  be  blocked  up,  the  clamp  b  loosened  from 
the  shaft,  and  the  dead  center  removed  from  the  clamp  _/. 


The  shaft  is  then  rotated  till  the  center  A  on  the  dampy 
comes  to  the  dead  center,  when  the  center  is  moved  into  h 
and  the  clamp  b  made  fast  to  the  shaft.  The  centers  g  and 
h  on  the  clamp/hold  the  same  relation  to  one  another  and 
the  shaft  as  do  the  center  lines  of  the  crankpins.  When  the 
shaft  is  fastened  in  this  position  it  is  ready  for  turning 
the  crankpin  c. 

96.  Cams. -^Cams  are  usually  made  on  the  milling 
machine,  but  they  may  sometimes  be  turned  in  a  lathe. 
A  templet  is  made  with  the  same  outline  the  cam  is  to  have 
when  finished,  and  fastened  to  the  cam-blank.  The  screw 
in  the  cross-slide  is  removed  so  that  the  tool  post  is  free  to 
slide  back  and  forth  across  the  lathe  saddle.  A  weight  holds 
the  tool  against  the  work  as  it  revolves  with  the  templet. 
The  tool  is  kept  in  the  correct  position  by  a  stop,  which 
slides  on  the   templet.     This  stop  causes  the  tool  post  to 
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slide  in  and  out  across  the  lathe  carriage  as  the  stop  follows 
the  outline  of  the  templet.  This  process  is  not  very  rapid, 
but  it  will  cut  cams  as  accurate  as  the  templet  can  be  made. 

97.  t^aylng:  Out  Centers  for  Turnlns:  Crank- 
Shafts. — The  process  of  locating  and  preparing  the  centers 
for  a  solid  crank-shaft  is  illustrated  by  Fig.  38  {a)  and  (b). 
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The  crank-shaft  a  is  centered  and  the  ends  turned  to  size 
for  a  short  distance,  to  receive  the  centering  blocks  e^  e 
and  to  fit  the  V  blocks  b,  b.  The  shaft  is  then  placed  on 
V  blocks  ^,  ^  on  a  surface  plate  and  the  centering  blocks  e^  e 
are  fastened  to  the  finished  ends  in  line  with  the  crank-arms. 
These  centering  blocks  are  bored  out  to  a  good  fit  on  the 
turned  ends  of  the  shaft  and  are  fastened,  so  that  they 
cannot  slip,  by  the  setscrews  d^  d^  or  in  some  cases  by  keys. 
The  shaft  is  then  rotated  until  the  center  of  the  crankpin 
is  the  same  distance  above  the  surface  plate  as  the  center 
of  the  shaft  and  is  blocked  in  this  position.  A  horizontal 
line  across  the  ends  of  the  shaft  through  its  center  and 
across  the  arms  e^  e  is  then  drawn  with  a  surface  guage. 
The  center  of  the  crankpin  c  is  somewhere  on  this  line  and 
can  be  laid  off  with  the  scriber  or  a  pair  of  dividers  by 
taking  a  length  equal  to  the  distance  from  the  center  of  the 
shaft  to  the  center  of  the  crank  and  laying  it  off  from  the 
center  of  the  shaft.  When  the  centers  are  located  on  both 
ends,  they  are  drilled  and  countersunk.  The  shaft  is  then 
ready  for  the  lathe  and  all  the  lathe  work  can  be  completed 
both  on  the  shaft  itself,  on  the  crankpin,  and  on  the  crank- 
arms.  The  shaft  is  turned  and  the  sides  /,  /  of  the  crank- 
arms  are  faced  when  the  work  is  on  the  centers  in  the  ends 
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of  the  shaft.  It  is  then  moved  to  the  centers  for  the  crank- 
pin  c  using  the  centering  blocks  e^  e  with  the  centers  laid 
off  on  them  and  is  turned  and  the  sides  g^  g  of  the  crank- 
arms  are  faced.  If  the  crank-arms  are  circular  disks,  they 
may  be  turned  on  the  outside  with  a  center  midway  between 
the  other  two  centers.  - 


98.  Tumiiig:  Ovals. — In  turning  circular  work  in  the 
lathe,  the  distance  between  the  center  of  the  work  and  the 
point  of  the  tool  remains 
constant.  By  referring  to 
Fig.  39,  it  will  be  seen  that 
if  abed  represents  a  circle 
with  the  center  at  o^  and  that 
if  the  tool  were  located  at  a^ 
that  as  the  work  revolved 
and  b  approached  a,  so  long 
as  the  distance  from  the 
center  o  remained  constant 
the  work  would  be  turned  to 
a  circular  form,  but  if  by 
any  means  the  center  o 
could  be  made  to  approach  the  point  a  as  the  work  revolved 
during  one  quarter  of  a  revolution  and  recede  from  it  during 
the  next  quarter,  advance  during  the  third  quarter  and 
recede  during  the  fourth  quarter,  it  would  be  possible  to 
turn  an  oval.  •  For  instance,  if  while  the  portion  of  the 
work  from  ^  to  ^  were  passing  the  tool  at  ^-the  center  of  the 
work  0  could  be  moved  toward  the  circumference  a  distance 
equal  to  be,  the  tool  would  cut  along  the  curve  ^^  of  the 
ellipse  a  e  c  f.  This  is  accomplished  in  a  chuck  for  turning 
ovals  by  arranging  a  slide  across  the  face  plate  and  so 
adjusting  the  parts  that  it  will  move  the  work  in  or  out 
across  the  face  plate  so  as  to  produce  the  desired  oval. 

An  attachment  for  turning  ovals  is  illustrated  in  Fig.  40, 
where  it  is  shown  attached  to  an  ordinary  lathe  headstock. 
The  work  is  secured  to  the  plate  a,  or  held  in  the  chuck 
upon  a  threaded  spindle  b.     Back  of  the  plate  a  there  are 
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two  slides  at  right  angles  to  each  other.  These  are  shown  at 
c  and  e.  The  disk  d  has  a  long  projection  that  reaches 
through  and  is  attached  to  the  regular  lathe  spindle  of  the 
headstock.  The  disk  d  acts  as  a  driver  for  the  plate  a^  the 
driving  being  done  by  means  of  the  slide  c.  The  slide  e  is 
secured  by  guides  to  the  slide  c.  'Rhe  slide  e  is  also  turned 
out  on  the  side  toward  the  headstock  to  receive  a  ring  that 
is  carried  on  the  piece/!  When  the  center  of  this  ring  is 
made  to  coincide  with  the  center  of  the  lathe  spindle,  the 
plate  a  and  spindle  b  rotate  as  in  an  ordinary  lathe ;  but  if 
the   piece  /  is  moved   across  the  lathe  by  means  of   the 
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adjusting  screws,  one  of  which  is  shown  at  A,  the  ring 
attached  to  it  will  force  the  slide  e  to  travel  back  and  forth 
across  the  attachment  as  the  work  revolves,  and  this  will 
cause  the  center  of  the  plate  n,  and  with  it  the  work,  to 
move  back  and  forth,  first  away  from  and  then  toward  the 
center  of  the  lathe  spindle  proper.  The  result  will  be  that 
an  ellipse  similar  to  that  shown  at  aecf.  Fig.  39,  will  be 
turned.  The  amount  that  the  slide  /  is  moved  determines 
the  amount  of  eccentricity  of  the  ellipse;  that  is,  the 
amount  shown  by  the  line  b  e.  Fig.  39.  The  block  g  is 
bolted  fast  to  the  front  of  the  headstock.     In  the  form  df 
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chuck  shown  the  plate  a  is  provided  with  a  screw  ;,  and 
worm-teeth  are  cut  for  a  short  distance  at  the  top  of  the 
plate.  By  means  of  these  worm-teeth  and  the  screw  i,  the 
plate  a  can  be  adjusted  slightly  in  relation  to  the  mechanism 
operating  it.  This  device  will  be  found  very  useful  in 
resetting  work  in  the  chuck,  as  it  serves  to  bring  the  work 
into  line  with  the  ellipse  generated  by  the  mechanism.  This 
form  of  device  is  very  handy  for  turning  elliptical  dies  and 
punches,  such  as  are  used  by  jewelers,  silversmiths,  electri- 
cal-instrument manufacturers,  and  others. 
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THE  TURRET  LATHE. 

1.  Cliaracterlstlc  Feature  of  the  Turret  Latlie. — 

Probably  no  one  machine  deserves  greater  credit  for  helping 
along  the  movement  toward  rapid  production,  and,  conse- 
quently, the  reduction  of  cost  of  manufactured  articles, 
than  the  turret  lathe.  Its  characteristic  feature  is  found 
in  the  turret,  which  is  made  to  bring,  in  quick  succession,  a 
number  and  variety  of  cutting  tools  to  act  on  a  bar  or  rod 
passed  through  the  hollow  spindle  in  the  headstock  and 
held  in  a  chuck. 

2.  Action  of  the  Turret. — The  turret  is  mounted  on 
a  slide,  parallel  to  the  line  of  the  live  spindle,  and  occupies 
a  position  relatively  the  same  as  the  tailstock  on  the  ordi- 
nary lathe.  It  is  made  to  slide  upon  the  base  either  auto- 
matically or  by  a  hand  lever  or  wheel.  After  the  tool,  which 
is  held  in  one  of  the  radial  holes  in  the  turret,  has  made  a 
certain  cut  upon  the  work,  the  turret  is  moved  back,  and,  by 
an  automatic  arrangement,  it  is  undamped  and  made  to  rotate 
a  part  of  a  turn  upon  a  vertical  axis.  This  partial  rotation 
brings  the  second  tool  in  the  turret  in  line  with  the  work. 
Each  full  backward  movement  of  the  turret  causes  it  to  re- 
volve a  part  of  a  turn,  sufficient  to  bring  the  second  tool  in 
perfect  line  for  the  second  cut. 
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3.  Various  Types  of  Turret  Lathes. — This  style  of 
turret  has  been  applied  to  a  variety  of  lathes  for  various 
kinds  of  work,  so  that  we  have,  under  the  head  of  turret 
lathes,  the  turret  screw  machine^  plain  turret  lathe,  brass- 
worker's  lathe,  and  monitor  lathe.  Besides  these  there  are 
some  other  special  forms  of  turret  lathes  that  are  adapted 
to  certain  classes  of  work.  In  the  screw-machine  class  are 
th6  hand  and  automatic  machines. 


HAND  SCREW  MACHINE. 

4.  Characteristics  of  the  Screiv  Machine. — The 
hand  screiv  machine  more  nearly  embodies  all  the 
characteristics  of  turret  lathes  than  any  other  type.  Fig.  1 
represents  a  typical  turret  screw  machine.  Its  character- 
istic features  are,  the  turret  moving  on  a  slide  that  takes  the 
place  of  tailstock,  a  special  form  of  chuck  for  gripping  rods, 
and  the  rod-feed  mechanism.  The  arrangements  for  supply- 
ing oil  to  the  cutting  tools,  and  for  feeding  the  work  into 
position  are  important  features  of  the  screw  machine. 

5.  Names  of  Parts  of  Screw  Machine. — In  this 
lathe,  Fig.  I,  the  parts  are  named  as  indicated  by  the  fol- 
lowing letters:  a,  the  turret;  b,  the  pilot  wheel  for  moving 
the  turret ;  r,  the  stop  screw  for  adjusting  the  travel  of  the 
turret  slide;  d,  a  special  chuck  for  holding  the  rod,  or  stock; 
e,  the  lever  for  opening  and  closing  the  chuck  d,  and  for 
feeding  the  rod  into  the  machine;  /,  supports  for  holding 
long  rods;  g,  the  front  tool  post;  //,  the  back  tool  post; 
y,  the  cross-slide ;  k,  the  handle  for  operating  the  cross-slide ; 
/,  the  distributing  pipe  for  oil;  /;/,  the  oil  tank;  «,  the  clutch 
for  operating  the  chuck. 

6«  The  Screw-Machine  Chuclc. — The  success  of  the 
screw  machine  is  due  largely  to  the  method  employed  in 
holding  the  work;  this  method  gives  great  rigidity,  and  at 
the  same  time  is  so  simple  that  the  work  can  be  quickly 
clamped  or  released. 
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Fig.  2  shows  a  section  through  the  chuck  screwed  to  the 
spiadle  of  a  lathe  as  it  is  used  for  holding  rods.     The  grip 


of  the  rod  is  accomplished  by  pushing  the  split  collet  a 
through  the  tapered  hole  in  the  end  of  the  cap  b,  the  cap 
being  screwed  to  the  nose  of  the  lathe  spindle.  Fig.  3 
shows  the  collet  a  removed. 
The  collets  are  made  of  various 
sizes,  depending  on  the  size  of 
the  rod  to  be  held,  and  are 
hardened,  as  is  also  the  cap  in 
which  they  slide. 

7.     When  gripping  the  work,  the  collet  is  pushed  into 
the  cap  b  by  means  of  the   hollow  tube  d,  which  passes 


through  the  lathe  spindle  to  the  rear  end.     Fig.  4  shows  a 
section  through  the  rear  end  of  the  spindle  and  the  gripping 
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mechanism.  The  end  of  the  tube  d  comes  against  the  two 
levers  /,  /.  These  levers  are  operated  by  the  cone-shaped 
piece  ;«,  which  slides  on  the  spindle.  When  ;//  is  moved  to 
the  position  indicated,  the  ends  of  the  levers  are  forced  apart, 
which  moves  their  other  ends  against  the  end  of  the  tube  d. 
This  operation  pushes  the  tube  through  the  spindle  and 
against  the  collet,  thus  causing  it  to  grip  the  work.  When 
the  cone  ;//  is  moved  back,  the  long  ends  of  the  levers  spring 
together  and  relieve  the  pressure  on  the  end  of  the  tube  d. 
Springs  are  arranged  to  open  the  chuck  as  soon  as  the  cone  ;// 
is  removed  from  under  the  levers  /,  /.  In  this  description, 
only  the  essential  points  have  been  mentioned,  all  unneces- 
sary details,  such  as  springs,  being  left  out. 


WORK  OF  THE  TURRET  SCREW  MACHINE, 


TURRET  TOOLS  AXO  THEIR   USES. 

8*     Class  of  Work  Done   on   Turret   Machines. — 

The  work  of  the  turret  screw  machine  is  confined  to  a  class 
of  work  that  can  be  made  on  the  ends  of  rods  held  in  the 
chuck.  Turret  lathes  are,  therefore,  without  centers  for  sup- 
porting the  work.  The  work  of  the  screw  machine  can  be  un- 
derstood by  following  the  operations  necessary  to  complete 
some  particular  piece.  The  tools  used  for  the  turret  are 
quite  different  from  those  used  in  the  ordinary  engine 
lathe. 

9.  A  Typical  Piece  of  Worii  for  Turret  Screw 
Machines. — Suppose  it  is  desired  to  make  a  large  number 
of  screws  with  a  round  nurled  head, 
as  shown  in  Fig.  5.  Having  decided 
upon  the  screw  to  be  made,  the  ma- 
chine must  be  set  up. 

10.  Setting    Up    the    Turret  ^^^  * 

Machine. — This  means  setting  the  various  tools  in  a  turret 
and  in  the  cross-slide,  adjusting  the  stops   to  determine  the 
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length  of  cuts,  and  adjusting  the  cutter  blades  to  turn 
the  correct  diameters.  A  rod  is  put  through  the  spindle, 
and  the  chuck  is  so  arranged  that  the  work  can  be  gripped 
rigidly,  and  also  so  that  when  it  is  released,  the  feed  will 
move  the  rod  through  the  spindle. 

11.  Tlie  Stop. — The  first  tool  in  the  turret  to  be  used 
will  be  the  adjustable  stop  ^auffe  shown  in  Fig.  6.  This 
stop  is  so  adjusted  that  when  the  turret  and  slide  are  at  the 

full  length  of  their  travel 

next  the  headstock,  and 

the  work  is  fed  up  to  the 

stop  and  gripped  in  the 

chuck,  the  correct  length 

to  make  the   screw   will 

project  from  the  chuck. 

Having    clamped     the 

Fio.  «.  work,  the  turret  is  moved 

back  and  revolved  a  part  of  a  turn,  which  brings  the  first 

turning  tool  to  place.     This   turning    tool   is   known   as   a 

roughing  box  tool. 


Fig.  7. 

12.     Rouffbin^^  Box  Tool. — The  roushing:  box  tool 

is  shown  in  Fig.  7.  The  shank  s  is  held  in  the  turret, 
and  the  tool,  or  blade,  c  is  clamped  in  place  by  the  screws 
a^  a.  The  tool  is  adjusted  to  turn  the  correct  diameter  by 
a  series  of  careful  trials.  To  support  the  work  while  the 
cut  is  being  taken,  the  back  rest  r,  opposite  the  tool  c^  must 
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be  adjusted  so  that  it  just  supports  the  end  of  the  work. 
Fig.  8  shows  an  end  view  of  the  box  tool  with  a  section  of 
work  w  in  place.  This  shows  how  the  tool,  or  blade,  c  comes 
against  the  work,  and  how 
the  back  rest  supports  it. 
Turret  lathe  tools  do  not 
need  so  much  keenness  as 
those  on  ordinary  lathes. 
With  this  tool,  a  cut  is 
taken  over  the  stem  of  the 
screw  up  to  the  shoulder 
under  the  head.  If  the 
bar  is  iron  or  steel,  a  sup- 
ply of  lard  oil  is  kept  run- 
ning on  the  work,  to  keep  ^'o-  8. 
it  and  the  tool  blade  from  heating.  When  this  roughing 
tool  has  cut  a  sufficient  length,  the  turret  slide  comes  against 
a  stop.  This  stop  is  so  adjusted  that  each  tool  will  stop 
when  the  desired  length  has  been  turned.  The  turret  is 
given  another  partial  turn,  which  brings  the  second  cutting 
tool  in  line  for  the  cut.  This  tool  is  known  as  the  finishing 
box  tool, 

1 3.     Finlshln^^  Box  Tool. — The  flnlshlngr  box  tool 

acts  on  the  same  principle  as  the  roughing  box  tool,  except 
that  the  blades  are  made  and  adjusted  to  cut  similar  to  a 
broad-nosed  lathe  tool.  The  blade  for  the  rough  cut  is 
ground  on  the  same  principle  as  the  roughing  tools  for  lathe 
work.  Fig.  9  shows  a  finishing  box  tool.  This  will  be  seen 
to  carry  a  number  of  cutters,  each  of  which  may  be  ad- 
justed to  cut  a  given  depth  by  the  setscrews  a  at  the  end 
of  the  blades.  These  blades  are  used  when  it  is  desired  to 
finish  parts  to  different  diameters  at  the  same  time.  Each 
blade  is  so  adjusted  along  the  length  of  the  box  tool  that  it 
will  turn  the  desired  length  of  work  to  that  particular 
diameter.  For  the  screw  being  made,  only  the  first  blade  in 
the  tool  will  be  used.  This  will  be  adjusted  to  finish  the 
stem  of  the  screw  to  the  correct  diameter.     Before    cutting 
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the  thread,  the  end  of  the  stem  slinuld  be  Itevcled  o 
fered.     This  is  done  with  a  pointing  tool. 
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14.  Pointing  Tool. — The  polntinfc  tool  is  similar 
to  the  roughing  box  tnol  shown  in  Fig.  7.  The  blade,  how- 
ever, instead  of  being  straiglit  on  the  edge,  is  beveled  to  an 
angle,  the  same  as  the  desired  bevel  on  the  end  of  the  screw. 
The  back  rest  is  adjusted  on  a  pointing  tool  the  same  as 
on  other  box  tools.  When  brought  to  the  end  of  the  work, 
this  tool  will  cut  the  desired  bevel. 

15.  Dies  and  Die  Holders. — The  screw  is  now  ready- 
to  be  threaded.  On  all  the  screw  machines  the  threads  arc 
cut  with  dies.  In  order  that  the  threads  will  be  cut  an 
exact  length  on  the  stem  of  each  screw,  a  special  die  holder 
must  be  used. 

A  die  holder  is  shown  in  Fig.  10.     The  die  holder  a  has 

a  circular  opening  into  whicli  the  dies  are  fastened  by  the 

screws  c.      The   stem 

(/    passes    through    a 

sleeve,   this    sleeve 

a    flange    on 

.      The  sleeve 


end. 


Fig,  10. 
ret.     When  in  the  poi 


;kl  m  one  ol 
oles  in  the  tur- 
llustration,  the 
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holder  is  free  to  revolve  in  the  sleeve.  When  it  is  used 
and  the  die  pressed  against  the  work,  the  holder  slips  back 
in  the  sleeve  until  the  pins  b  and  c  slip  by  the  side  of  each 
other.  Pin  c  will  then  keep  the  die  holder  from  revolving. 
As  soon  as  the  holder  ceases  to  revolve,  the  die  will  begin 
to  cut,  and,  after  cutting  a  few  threads,  it  will  continue  to 
screw  and  feed  itself  along  the  work.  If  provision  were 
not  made  to  stop  it  as  the  lathe  continued  to  revolve,  the 
die  would  at  once  screw  up  to  the  shoulder  on  the  work  and 
destroy  the  thread.  With  the  holder  shown,  the  die  will 
feed  upon  the  work,  the  turret  being  made  to  follow  it,  until 
the  turret  slide  reaches  its  stop.  The  work,  however,  con- 
tinuing to  revolve,  will  feed  the  die  still  farther,  and  bring 
the  holder  with  it  until  the  pins  b  and  c  disengage,  where- 
upon the  holder  again  revolves  with  the  work,  thus  stopping 
the  cut.  In  the  meantime,  the  direction  of  the  lathe  is  re- 
versed and  the  turret  moved  back  by  hand  until  the  pin  / 
engages  the  notch  cut  in  the  end  of  the  sleeve.  This 
keeps  the  holder  from  turning  backwards  and  so  the  die  is 
backed  off  the  screw.  When  considerable  uniformity  of 
size  of  threads  is  desired,  a  second  sizing  die  is  run  over  the 
thread.  These  operations  complete  the  turret  operations 
on  the  screw. 


CROSS-SLIDB  TOOLS. 

16.  Nurllajf  Tool. — When  the  head  of  a  screw  is  to 
be  nurled,  as  in  the  present  case,  it  is  done  by  pressing 
hardened-steel  rollers  against  the  face  of  the  work  while  it 
revolves.  These  hardened-steel  rollers  have  teeth,  or 
special  forms,  engraved  around  their  outside,  so  that  when 
pressed  against  the  work  they  will  form  the  soft  metal  into 
the  desired  shape.  In  the  case  in  hand,  the  nurling  tool 
shown  in  Fig.  11  is  employed  and  will  be  described  more 
fully  later.  Nurling  tools  are  held  in  one  of  the  tool  posts 
on  the  cross-slide. 
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1 7.  Parting  Tool. — The  parting  tools  used  in  the 
turret  lathe  are  very  similar  to  those  used  in  a  regular  lathe, 
and  are  held  in  one  of  the  tool  posts  on  the  cross-slide. 
Combination  parting  and  forming  tools  are  sometimes  em- 
ployed. They  are.  intended  to  round  the  head  and  cut  off 
the  stock  at  the  same  time. 

1 8.  Combination  of  Parting  and  Nurling  Tool. — 

Fig.  11  shows  a  special  nurling  tool  held  in  the  tool  post, 


;ow 


Pio.  11. 


together  with  a  parting  tool.  The  parting  tool  is  clamped 
under  the  nurling  tool,  with  its  blade  shown  at  //.  The  nurl- 
ing tool  is  jointed,  so  that  when  the  parting  tool  is  used, 
the  nurl  a  may  be  lifted  up  to  the  position  shown  by  the 
dotted  lines.  While  the  screw  is  being  made,  the  nurl  should 
be  turned  back  and  the  parting  tool  used  to  cut  a  shallow 
notch  in  the  work,  which  will  define  the  thickness  of  the 
head.  If  the  head  must  be  made  true,  a  light  cut  should 
be  taken  with  a  b:ick  tool  held  in  the  back  tool  post.  This 
back  tool  should  be  shaped  the  same  as  a  broad-nosed  lathe 
tool  and  set  in  the  tool  post  upside  down,  so  that  it  will  cut 
on  the  back  of  the  work  when  the  lathe  is  running  forwards. 
The  stop  on  the  cross-slide  should  be  so  adjusted  that  the 
tool  will  just  cut  the  head  to  the  desired  diameter.  The 
nurling  tool  may  then  be  brought  against  the  work,  and,  by 
pressure  of  the  hand  lever,  forced  against  the  work  until  the 
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teeth  in  the  nurl  roll  press  corresponding  grooves  in  the  head 
of  the  screw.  When  the  work  has  been  properly  nurled,  the 
parting  tool  is  again  brought  to  place  and  the  screw  cut  from 
the  bar. 

When  the  parting  tool  is  sharp  and  working  well,  it  should 
leave  the  head  of  the  screw  bright  and  smooth,  without 
any  projection  in  the  center.  The  parting  tool,  therefore, 
must  be  so  set  that  its  edge  comes  exactly  in  line  with  the 
axis  of  the  work.     If  the  parting  tool  is  ground  square  across 


IT 


<2> 


Fig.  12. 

its  cutting  edge,  the  work  will  break  off  before  the  cut  is 
quite  finished.  This  may  be  avoided  by  grinding  the  cut- 
ting edge  of  the  parting  tool  beveled,  as  shown  in  Fig.  12. 
Here  it  cuts  a  smaller  diameter  near  the  head,  and,  when  the 
work  breaks  off,  it  will  break  at  this  small  diameter. 

19.  The  operation  of  making  a  screw  just  described  is 
but  one  of  a  very  great  variety  that  may  be  performed  on 
the  screw  machine.  While  certain  tools  were  chosen  to  per- 
form this  operation,  there  are  other  forms  of  tools  that  could 
have  been  used  with  the  same  result. 
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OXHER  FORMS  OP  TURRET  TOOLS. 

20.  Solid  Hollow  Mills.  —  111  place  uf  the  roughing 
box  tool,  a  hollow  mill  could  have  been  used.  Pig.  13 
shows  a  solid  hollow  mill,  and  Fig.  ]4  shows  a  holder  used 
for  it.  These  mills  cut  on  the  edges  a,  a,  and  are  bored  to 
the  size  that  they  are  intended  to  turn.     As  soon  as  the  mill 


begins  to  cut,  the  end  of  the  work  at  once  enters  it  and  is 
thereby  steadied  or  supported  while  the  cut  is  being  taken. 
Because  of  the  four  cutters  on  opposite  sides  of  the  work,  it 
is  balanced  so  that  there  is  less  tendency  for  it  to  spring  than 
when  there  is  but  one  cutter  acting. 

21.  Adjustable  Hollow  Mills.— Fig.  15  shows  an 
adjustable  tiolloiv  mill.  By  loosening  the  screws  at  the 
front  and  turning  the  nurled  head,  the  blades  a,  a  can  be 


moved  toward  or  from  the  renter,  thus  making  the  cut  larger 
or  smaller.     The  cuttiui;  action  of  this  tool  is  the  same  as 
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that  of  the  solid  hollow  mill.  The  cut  is  taken  on  the 
end  face  of  the  cutter  blades,  the  inner  faces  acting  as  guides 
to  support  the  work  after  it  is  turned.  It  is  always  advi- 
sable to  run  a  finishing  box  tool  over  the  cut  made  with  a 
hollow  mill,  since  it  cannot  be  depended  on  to  be  perfectly 
true.  Finishing  tools  are  made  in  a  variety  of  shapes. 
Fig.  IG  shows  a  style  of  finishing  hollow  mill  that  has  two 
inserted  blades  a^  a,  which  do  the  cutting,  while  the  other 
two  blades  ^,  d  are  simply  back  rests  to  steady  the  work. 

22.  Spring  Dies. — Besides  the  solid  dies  mentioned, 
other  forms  are  used.  Fig.  17  shows  a  form  of  holloi^ 
spring  die  that  is  held  in  the 
holder  shown  in  Fig.  10.  When  in 
use,  this  die  would  tend  to  spring, 
so  that  it  is  necessary  to  use  a 
clamp,  Fig.  18,  that  will  pass 
around  the  die  and  hold  it  in 
shape.  By  means  of  this  clamp, 
the  die  may  be  adjusted  to  make 
slight  differences  in  cutting.  When  such  a  form  of  die  is 
employed,  considerable  time  is  lost  in  reversing  the  ma- 
chine and  backing  the  die  from  the  work. 


Pig.  17. 


23.     Automatic  Dies. — To  overcome  the   above  diffi- 
culty, automatic  dies  are  used,  which  act  on  a  principle 

similar  to  that  found  in  the  automatic  dies 
used  on  bolt  cutters.  The  die  passes  over 
the  work  and  cuts  the  thread,  which,  when 
completed,  automatically  opens  the  die  and 
releases  the  work.  Fig.  19  shows  an  excel- 
lent form  of  automatic  die  adapted  particu- 
larly to  turret  screw  machines.  The  die 
heads  are  made  in  a  number  of  sizes,  each 
head  taking  a  variety  of  sizes  of  dies.  In 
the  figure,  the  dies  {/,  d  may  be  removed  by 
taking  out  the  screws  j,  .y  and  different  sizes  put  in  their 
places.     They   may    be   set  to   cut   any   length   of   thread 
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within   limits.     When   the   desired  length   is   cut,   the   die 

automatically  opens.     To 

close  the  die,  the   handle  // 

is   given  a   partial  turn. 

This  die  may  be  adjusted  to 

cut   threads  slightly    above 

or   below   standard   size  by 

loosening  the   nut  «  at  the 

back  of  the  die  holder  and 

moving  the  pointer   to  one 

^'°-  '»■  side  or  the  other  of  the  zero 

mark.     By  means  of  this  adjustment,  it  is  possible  to  cut 

threads  as  much  as  -^^  inch  over  or  under  standard  size. 


DRILLING  AND  TAPPING. 

24.  HoldiOB  the  Tools.  —  When  operations  require 
that  drilling  or  tapping  be  done,  the  drills  or  taps  are  held 
in  the  turret  in  the  same  manner  as  the  other  tools.  The 
drills  may  be  held  in  a  chuck  provided  for  that  purpose. 
When  the  taps  are  used,  a  special  tap  holder  that  works  on 
the  same  principle  as  ilie  special  die  holder,  Fig.  10,  is  em- 
ployed. This  is  to  keep  the  taps  from  running  into  the 
work  too  far  and  breaking. 

25.  Many  other  shapes  and  kinds  of  tools  may  be  used 
in  the  turret.  Those  that  have  been  mentioned  are  the 
standard  tools,  and  embody  a  general  principle,  which  is, 
that  the  work  must  be  supported  wliile  the  blades  are  cut-' 
ting.  By  following  tliis  principle,  a  great  variety  of  shapes 
of  tools  may  be  di-signed  and  adapted  to  particular  classes 
of  work  with  advantage. 


OTHF.H  POKMH  OF  CUOSH-»Llni;  TOOLS. 

26-  Fortted  l-'ormlnK  Tools.— The  tonls  used  in  the 
cross-slide  perform  variims  optTalions,  the  more  impor- 
tant of   which  are   the   fonninjj  of   irregular  surfaces  with 
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forming  tools,  and  the  cutting  of  the  finished  piece  from 
the  bar  with  the  cutting-off  tool.     The  forming  tools  may 
be  forged  irom  bar  steel,  and  filed  or  machined  to  the  de- 
sired form.     When  s^  made,  they  are 
similar  to  the  forged  forming  tools  used 
in  the  engine  lathe.      The  main  objec- 
tion  to    the    forged    forming   tool    is 
that  only  a  limited  amount  of  grinding 
can  be  done  before  the  tool  will  change 
its  shape. 


27.     Circular  Forming  Tools. — 

This  class  of  forming    tools    has  been 
brought  out  both  to  overcome  the  ob- 
jections to  the  forged  forming  too!  and 
on   account   of    the  ease   with    which   the   cutters   can  be 
manufactured.     Fig.   -iO   illustrates   a  typical   tool   of   this 
_  class.    Here  a  circular 

cutter  £  has  been  care- 
fully   turned    and 
'  formed  so  that  when 

'.  "''''  ^  -a  section  is  taken  out 
— />  at  its  cutting  edge,  it 
will  conform  to  the 
desired  shape  of  the 
work.  A  notch  is  cut 
on  one  side  of  the  cut- 
ter so  that  the  lower 
face  CD,  Fig.  21, 
is  in  a  plane  that 
would  pass  slightly 
I  I  below    the    center    of 

""" '"'  the  cutter  y^J  B.    This 

amount  k  varies  with 
the  diameter  of  the  cutter.  On  a  a-irich  cutter,  from  ^  to  ^ 
inch  is  sufficient.  The  holder  A,  Fig.  20,  is  made  of  such 
height  that  it  holds  the  center  of  the  cutter  above  the  center 
of  the  work,  thus  bringing  the  face  of  the  cutter  CD,  Fig.  21. 
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above  the  center  of  the  work  is 


Fig.  22. 


in  line  with  the  center  of  the  work  tv.     The  object  in  cutting 
the  notch  in  the  cutter  below  its  center  and  then  raising  it 

to  give  the  tool  slight 
clearance.  If  the  two 
circular  pieces,  the  tool 
and  the  work,  be  set  at 
the  same  height,  Fig.  22, 
they  will  touch  at  the 
point  O,  which  is  in  a 
line  joining  the  cen- 
ters. If  we  draw  a 
tangent  to  the  work 
through  the  point  O 
and  another  line  tangent  to  the  tool  through  the  same 
point,  we  will  find  that  the  two  tangents  coincide  in  the 
line  CD.  When  the  tool  is  thus  set,  it  does  not  have  any 
clearance,  and  can  cut  only  so  long  as  it  remains  absolutely 
sharp. 

28.  Referring  to  Fig.  21,  if  we  draw  a  line  £  F  ta,ngent 
to  the  work  through  the  point  of  the  tool,  and  the  line  G  ff 
tangent  to  the  circular  cutter  at  the  point,  we  will  find  that 
the  lines  do  not  coincide  as  in  Fig.  22,  but  form  an  angle. 
The  angle  1/ O  £  is  the  angle  of  clearance  when  the  tool  is 
thus  set. 

Cutting  the  face  of  the  notch  on  the  tool  slightly  below 
the  center  will  slightly  change  the  outline  of  the  cutting 
edge,  since  a  section  of  the  cutter  on  the  line  A  B  is  dif- 
ferent from  the  section  on  the  line  C  /),  Fig.  21.  If  the  cut- 
ter is  2^  inches  in  diameter,  the  difference  in  section  caused 
by  cutting  from  ^  to  ^  inch  below  the  center  line  will  not 
be  sufficient  to  cause  trouble  in  ordinary  work.  If  an  exact 
outline  is  required,  the  cutter  must  be  formed  to  give 
the  desired  outline  on  its  cutting  edge  and  not  on  the 
diametrical  section.  This  form  of  tool  is  sharpened  by 
grinding  the  top  cutting  face,  after  which  the  cutter  is 
revolved  sufficiently  to  bring  the  cutting  edge  to  the  desired 
height. 
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Fig.  23. 


29.    Straight-Faced  Formlngr  Tools. — Another  style 

of  forming  tool  is  shown  in  Figs.  23  and  24.      The  heavy 

cast   block,    or    holder,    shown 

in    Fig.    23,    is   bolted    to    the 

cross-slide.     Into  the  front  side 

of  this  tool  block  is  cut  a  dove- 
tailed slot  Cy  into  which  is  fitted 

the   dovetailed    part   d  of   the 

forming  cutter.  Fig.  24.     The 

cutter  is  clamped  to  the  block 

by  tightening  the  bolt  e,  which 

has   a   special   clamp   head  /. 

These  forming  cutters  are  shaped  along  the 
front  edge  the  same  as  ordinary  forming  tools, 
so  that  the  section  across  the  top  cutting  face 
gives  the  desired  outline.  They  are  set  in  the 
holder  so  that  the  front  face  d  has  a  slight 
angle  of  clearance.  The  top  face  a  is  ground 
flat  and  set  at  the  same  height  as  the  center 
of  the  work.     This  is  a  very  rigid  form  of  tool. 

30.  The  forming  tools  just  described  are 
fed  to  the  work  in  such  a  way  that  the  cutting 
edge  follows  in  a  line  that  would  pass  through  the  axis  of 
the  work  ;  thus,  in  Fig.  21,  as  the  tool  advances  to  take  a 
deeper  cut,  it  moves  along  the  line  C  D. 


Fig.  SI 


VBRTICAL-SLIDB  FORMING  TOOLS. 

31.  Vertical  Slide  for  Holding  Tools.  —  Another 
method  of  operating  forming  tools  is  by  means  of  a  verti- 
cal slide  rest  shown  in  Fig.  25.  Here  a  vertical  slide  is 
clamped  to  the  back  of  the  ordinary  cross-slide.  When  this 
slide  is  used  with  the  forming  tool,  the  cutting  (t(X<g^  does  not 
move  in  a  line  that  would  pass  through  the  axis  of  the  work, 
but  in  a  line  tangent  to  the  finished  work. 

Fig.  26  shows  a  side  elevation  with  the  forming  cutter  c  in 
place.  The  cutting  edge  follows  the  line  A  B  sls  the  tool 
moves  down   in   the   slide.     This  particular   movement   is 


18 


LATHE  WORK. 


§'' 


very  desirable  at  times.     The  cutter  c  is  clamped  to  the 
block  ^  by  a  bolt  d.     The  slide  s  carrying  the  block  b  travels 


Fig.  96. 


on  the  guide  /,  being  controlled  by  the  lever  /.     The  work 
is  shown  at  w. 
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32.     Form  of  Tool  to  Prevent  Chatterlnic. — When 

tools  are  used  as  in  Fig.  21,  the  entire  cutting  edge  of  the 
tool  is  acting  at  once.     If  the  cut  is  complicated,  or  the 
edge  broad,  the  work  will  spring  and  chatter  because  of  the 
broad  cutting  edge.     When  the  vertical  slide  is  used,  it  is 
possible  to  grind  the  cutting  face  of  the  forming  tool  with 
considerable  slope  to  one  side,  which  corresponds  to  the  top 
side  rake  in  the  diamond-pointed  lathe  tool.     A  tool  thus 
ground  is  shown  in  plan  and  eleva- 
tion in   Fig.  27,  and  also  the  shape 
of  the  work  w  that  this  particular 
form  of  tool  would  produce.     It  will 
be  seen  that  as  the  tool  is  fed  down- 
wards past  the  work,  the  edge  or 
point  a  will  be  the  first  to  cut.    When 
the  tool  is  still  farther  fed  along,  the 
point  a  soon  cuts  to  its  depth  and 
passes    by   the   work,    while    other 
points  along  the  cutting  edge   are 
approaching  the  work.     By  the  time 
that  the  point  ^  of  the  cutting  edge 
has  reached   the  work,  the  point  a 
and  all  the  other  points  along  the 
edge  have  passed  by,  having  done 
their  respective  parts  in  the  cutting. 
This  methml,  therefore,  permits  the 
use  of   broad-edged  forming   tools, 
since  the  action  is  a  shaving  one,  f^o.  ar. 

and  whatever  the  total  length  of  tlie  edge  of  the  forming 
blade  may  be,  only  a  small  part  of  it  cuts  at  a  time.  This 
same  principle  is  used  on  tools  that  work  on  a  horizontal 
slide  and  cut  on  the  under  side  of  the  work. 
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SPECIAL  FORMING  HEADS. 

33.     Arrangenicnt  of  Forming  Head. — When  very 


much  fori 
than  can 


s  to  be  done,  and  greater  production  is  desired 
Lained  by  the  use  of  the  forming  tools  just 
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described,  a  special  forming  head  is  used  that  holds  two 
forming  cutters,  one  at  the  front  and  the  other  at  the  back 
of   the   worlc.      Such  a   forming   attachment   is   shown   in 
Fig.  38.     In  this,  the  front  and  back  forming  blades^  and^ 
are  held   in   place  in   tool 
blocks  c    and   d.      These 
blocks  slide  in  the  base  e. 
They  are  operated  by  the 
same  screw,  which  has  a 
right-hand  thread  at  one 
end  and  a  left-hand  thread 
at  the  other,  each  being  of 
the  same  pitch.     By  turn- 
ing the  hand  wheel  //,  the 
^^°-^-  blocks  c  and  d  advance  or 

recede  from  the  work  at  a  uniform  speed.  When  in  use, 
the  blocks  and  blades  are  so  adjusted  that  each  forming 
blade  is  cutting  the  same  depth.  The  hand  wheel  //  is  then 
turned  until  the  blades  have  entered  the  work  the  desired 
depth. 

34.     Form  of  Blades  Employed. — In  the  forming 
attachments  using  two  forming  blades,   the  edges  of  the 


blades  are  not  exactly  alike. 
may  be  of    th 


this  case,  the  back  tool  b 
while  the  front  tool  a  is 
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similar,  but  may  have  notches  cut  along  its  face.  This  is 
shown  in  Fig.  29,  where  the  cutting  edges  of  the  forming  tools 
are  compared.  The  back  tool  b  has  a  regular  outline,  while 
the  edge  of  the  front  tool  a  is  slightly  broken.  The  result  of 
this  is  that  the  shaving  is  broken,  the  high  parts  of  the  front 
tool  doing  the  cutting  at  the  points  /,  while  the  back  blade 
takes  all  the  remaining  parts.  This  relieves  the  strain  on 
the  work  and  the  cutters  very  much.  When  the  work  is 
nearly  completed,  the  front  blade  is  slightly  backed  away 
from  the  work  by  moving  the  lever/!  This  allows  the  tool 
at  the  back  to  finish  the  work  smooth.  When  two  cuts  are 
thus  taken,  the  work  is  quite  well  balanced,  but  to  still  fur- 
ther steady  it,  a  steady  rest  with  V  jaws,  operated  by  the 
hand  crank  g,  is  used.  These  types  of  forming  attachments 
are  extensively  used  in  bicycle  making  on  such  pieces  of 
work  as  hubs,  cones,  spindles,  pedal  pins,  and  similar 
pieces  that  are  cut  from  the  solid  bar. 


SPECIAL  PARTING  TOOLS. 

35.  Inverted  Parting  Tool. — Instead  of  the  regu- 
lar parting  tool  held  in  the  tool 
post  for  cutting  off  the  finished 
work,  a  special  holder  for  blades 
may  be  used,  as  shown  in  Fig.  30. 
This  tool  is  intended  to  be  used 
at  the  back  of  the  machine;  con- 
sequently, the  blade  is  inverted, 
with  the  cutting  edge  at  c.  By 
holding  the  cutting  blade  sloping, 
as  here  shown,  the  tool  will  have 
a  top  rake,  which  will  add  to  its  efficiency. 


Fig.  80. 


36.     Combined      Parting    and    Forming    Tool.  — 

When  the  head  of  the  piece  to  be  cut  off  is  curved,  as  in  the 
case   of   round-headed    screws,    circular   forming:   tools 

may  be  used.     Fig.  31  shows  a  section  through  a  circular 
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forming  tool  that  could  be  used  for  a  cutting-off  tool,  and 

at  the  same  time  be  a  forming  tool 
for  the  head  of  the  work. 

37.  Steady  Rc»t  for  Turret 
Work.  —  In  some  cases,  a  steady 
rest  can  be  used  in  the  turret  for 
certain  purposes.  Suppose  the 
piece  shown  in  Fig.  32  were  being 
made.  The  part  a  would  first  be 
turned  to  size.  A  hardened-steel 
sleeve  j,  shown  in  section,  which 
has  been  bored  to  fit  over  the 
part  a^  is  then  slipped  over  it. 
^'°'  ^'  This  supports  the  work  while  the 

part  b  is  being  formed,  and  while  the  work  is  being  cut  off. 


Pig.  82. 


This  method  of  supporting  the  end  of  the  work  may  be 
applied  to  many  styles  and  classes  of  work. 


UNIVERSAL  MONITOR  LATHES. 

38.  Description  of  the  Monitor  Lathe. — Another 
class  of  turret  lathe  that  is  extensively  used  for  brass  work 
and  for  work  that  is  not  made  on  the  ends  of  rods,  is  the 
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munltor  latbe,  shown  in  Fig.  33.  This  style  of  lathe 
lacks  the  ordinary  rod  feed  and  chuck  found  on  the  regular 
screw  machines.  The  work  performed  by  this  class  of  lathe 
is  usually  held  in  a  chuck  of  some  special  form  designed  for 


the  particular  work  at  hand.  The  turret  is  mounted  on  a 
double  slide,  so  that  it  can  move  along  the  line  of  centers, 
or  at  right  angles  across  the  lathe.  This  gives  a  combina- 
tion of  movements  for  the  turret  that  are  not  possible  on 
the  screw  machines. 

39.  Chasing  Ttir«ads. — Besides  the  method  of  cut- 
ting screws  by  holding  dies  in  the  turret,  this  lathe  has  a 
special  attachment  for  chaslnfc  threads.  At  the  back  of 
the  lathe,  nicely  fitted  to  bearings  at  either  end  of  the  lathe 
bed,  is  the  large  circular  chaser  bar  a.  Fig.  33,  which  is  free 
to  move  in  the  direction  of  its  length.  To  the  headstock 
end  of  the  chaser  bar  an  arm  b  is  rigidly  attached.  On  the 
end  of  the  arm  b  a  piece  c  is  attached,  on  which  a  few 
threads  are  cut  similar  to  those  in  a  half  nut.  These 
threads  engage  with  the  screw  d,  seen  on  the  stud  of  the 
lathe.  When  thus  engaged,  as  the  lathe  revolves,  the 
threads  on  the  piece  c  follow  the  threads  in  the  screw  d. 
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This  tends  to  feed  or  draw  the  chaser  bar  a  through  its 
bearings.  To  stop  the  feed,  it  is  only  necessary  to  lift  the 
arm  and  the  threads  c  away  from  the  screw  d.  The  bar  can 
then  be  moved  back  to  its  starting  point.  Near  the  center 
of  the  bar  a  slide  rest  is  attached,  as  shown  at  c.  Extend- 
ing over  the  bed  to  the  front  is  a  lever/" to  be  operated  by 
hand. 

40«  Suppose  a  center  were  put  in  one  of  the  turret  holes 
and  the  work  held  between  centers  in  order  to  have  a  thread 
cut  or  chased.  The  tool  would  be  adjusted  in  the  tool  post 
of  the  slide  e  so  that  it  just  touched  the  work  when  the  piece 
c  was  against  the  screw  d.  As  the  lathe  revolved,  the  tool 
would  be  drawn  along  and  would  chase  a  thread  on  the 
work  of  the  same  pitch  as  the  screw  d.  When  the  desired 
length  of  thread  has  been  chased,  the  lever  /"at  the  front 
of  the  bed  is  lifted,  thus  raising  the  tool  from  the  work  and, 
at  the  same  time,  the  piece  c  from  the  .screw  d.  The  bar  may 
then  be  moved  back  to  the  starting  point,  the  tool  moved 
forwards  a  little^on  the  slide  ^,  and  the  lever  y  again  dropped 
until  the  piece  c  engages  with  the  screw  d^  when  the  second 
cut  may  be  taken.  This  operation  is  repeated  until  the  de- 
sired depth  of  thread  has  been  chased.  It  will  be  seen  that 
by  this  method  only  short  threads  can  be  cut  and  that  the 
screw  d  must  be  changed  for  every  desired  pitch.  These 
screws  d  are,  in  reality,  shells  that  fit  over  the  spindle  or 
stud.  They  are  made  with  various  [)iLches  of  threads  and 
are  variously  called  leaders,  hobs,  or  master  threads.  This 
method  is  extensively  used  in  cutting  the  threads  on  brass 
pipe,  valves,  or  similar  work. 


SPECIAL  FORMS  OF  TURRET  LATHES. 

41.     Tbe  Turret  Applied  to  Engine  LatbeH. — For 

certain  chucking  operations,  the  turret  may  be  applied  very 
conveniently  to  an  ordinary  engine  lathe.  Suppose  a  great 
many  pulleys  are  to  be  bored  and  the  hubs  faced.     Instead 
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of  changing  the  tools  in  the  tool  post  each  time  it  is  used 
for  boring  and  reaming,  if  a  turret  is  used,  each  tool  can 
be  kept  in  its  place,  thus  saving  much  time.  Fig.  34  shows 
a  set  of  tools  that  may  be  used  in  the  turret  on  an  engine 
lathe  for  such  work  as  boring  and  facing  pulleys.  Tool  {a) 
can  be  used  to  ream  the  ends  of  the  cored  hole,  and  to 
make  a  starting  place  for  the  chucking  reamer  {^),  A  fluted 
shell  reamer  for  iinishing  the  holes  to  size  is  shown  at  (c). 


while  (d)  and  (e)  are  facing  tools,  the  ends  //  having  been 
turned  to  just  fit  the  biire  of  the  pulley  and  to  steady  the 
tool  while  the  blades  i  are  cutting.  In  {li),  which  is  the 
roughing  facing  tool,  edges  are  nicked  to  break  the  sha- 
ving, while,  in  the  finishing  tool  (c),  the  cutter  blade  has 
a  straight  edge. 

42J  Illustration  uf  Turret  Latb«  Applied  to 
Heavy  Work. — Fig.  35  shows  another  application  of  the 
turret  to  the  lathe.  In  this  case  an  octagonal  turret  takes 
the  place  of  the  saddle  on  the  lathe.  Power  feed  moves  the 
turret  automatically  along  or  across  the  bed,  it  having  the 
same  motion  as  an  ordinary  tool  post  in  the  lathe.  In  this 
figure  an  engine  cylinder  head,  2'i  inches  in  diameter,  is 
being  finished.  Special  chuck  jaws  hold  the  work  to  the 
face  plate,  while  the  blocks  a,  a,  which  have  been  faced  off 
after  being  bolted  to  the  face  plate,  aid  in  setting  the  work 
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true  with  the  face  plate.     The  turret  has  flat  faces  on  its 
sides,  so  that  special  tool  holders  can  be  clamped  to  it.     By 
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the  use  of  these  holders,  facing,  turning,  and  boring  tools 
may  be  held  in  the  turret  and  brought  in  quick  succession 
to  perform  their  respective  duties. 


43.     Special    Turret    Latbe  for   Heavy  "Work. — 

Fig.  30  illustrates  a  chucking  lathe  designed  for  the  heaviest 
class  of  work  on  castings  or  forgings.  The  machine  is  mas- 
sive in  design  and  its  power  is  sufficient  to  take  the  heaviest 
cuts.  Like  all  turret  lathes,  special  forms  of  tools  and  cut- 
ters are  required  before  work  of  any  kind  can  be  done;  but, 
once  the  machine  is  equipped  with  a  set  of  tools  designed 
for  a  special  purpose,  its  productive  capacity  is  very  great. 
Where  the  number  of  like  pieces  to  be  finished  is  relatively 
small,  it  will  rarely  pay  to  install  one  of  these  powerful  ma- 
chines and  to  equip  it  with  its  expensive  special  tools;  but 
if  a  considerable  number  of  pieces  of  any  special  design  are 
to  be  made,  such  a  machine  will  be  a  valuable  acquisition  to 
the  shop  equipment. 
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44.     Boring:   Cone    Pulleys   in   Turret    Latbes.  — 

Fig.  37  illustrates  the  lathe  shown  in  Fig.  3G  fitted  up  to 
bore  a  cone  pulley  k.  The  hub  is  roughed  out  by  a  cutter  on 
the  bar  c  and  finished  by  the  cutter  on  the  bar  d.  The  steps 
of  the  cones  are  bored  and  the  faces  finished  by  the  special 
tools  a  on  the  bar  b^  while  the  outer  edge  of  the  pulley  is 
faced  and  a  finishing  cut  taken  on  the  inside  of  the  largest 
cone  by  the  heads  e  and/*.  It  will  be  noticed  that  all  the 
tools  are  provided  with  extensions  on  the  ends  of  the  bars, 
which  fit  bushings  in  the  spindle  of  the  machine  or  the  chuck 
and  thus  furnish  a  guide  for  the  end  of  the  bar.  This  adds 
greatly  to  the  stiffness  of  the  tool  and  to  the  effectiveness  of 
the  machine.  At  ^  a  series  of  screws  are  arranged  to  act  as 
stops  for  the  various  tools.  Each  one  of  these  can  be  ad- 
justed separately.  In  the  illustration,  the  carriage  h  and  the 
taper  attachment  i  are  not  in  use.  These  cone  pulleys  may 
be  finished  on  the  outside  on  the  same  machine  by  mounting 
them  on  suitable  arbors  and  turning  them  with  special  tools 
placed  on  the  carriage  h.  This  example  is  given  simply  as 
an  illustration  of  the  class  of  work  for  which  this  style  of 
machine  is  -adapted. 


Special  Turret  Lathe  for  Large  Bar  Work. 

Fig.  38  illustrates  a  turret  lathe  especially  designed  for 
work  on  large  bars  of  steel  or  iron,  either  round,  rectangu- 
lar, or  having  any  other  cross-section.  The  parts  of  the 
machine  are  lettered ;  a  is  the  automatic  chuck  for  holding 
the  bar;  b^  the  lever  for  operating  the  chuck  and  controlling 
the  forward  feeding  of  the  stock ;  ^,  the  lever  for  throwing 
in  the  back-gear  clutch ;  d^  the  roller-feed  mechanism  for 
feeding  the  bar  forwards;  e,  the  turret,  which  is  of  special 
construction,  being  flat  on  top  and  having  the  tools  so  at- 
tached to  it  that  it  is  possible  to  operate  on  long  bars  by 
allowing  them  to  pass  through  the  tools  and  across  the  top 
of  the  turret;  y* shows  one  of  the  tool  holders;  g^  the  cross- 
slide  lever  for  operating  the  cross-slide;  //,  the  circular  gib 
that  holds  the  flat  turret  in  place ;  /,  the  feed-lever  for  throw- 
ing  the   automatic   feed;  j,  the  stock  stop,   which  can  be 
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thrown  up,  and  against  which  the  stock  is  fed  in  order  to 
obtain  the  desired  length;  k^  the  back  stop;  /,  the  stops 
which  can  be  arranged  to  control  the  various  tools;  w,  the 


pilot  wheel  for  feeding  the  carriage  by  hand.  The  roller  feed 
is  so  arranged  that  when  the  chuck  is  loosened,  the  stock  is 
fed  forwards  at  once  against  the  stock  stop. 

46.  The  turning  tools  used  in  this  lathe  are  similar  in 
principle  to  the  box  tools  used  on  the  ordinary  screw  machine, 
though  they  are  somewhat  different  in  appearance.     Fig.  39 
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shows  an  end  view  of  a  turning  tool  for  this  lathe.  The 
blade  a  is  clamped  in  the  tool  block  ^by  setscrews.  The  tool 
block  b  is  pivoted  so  that  it  may  be  rotated  by  turning  the 
screw   c.     This  operation  moves  the  point  of   the  cutting 


tool  a  toward  or  away  from  the  work.  The  lever  d  may 
be  used  for  quickly  moving  the  tool  to  or  from  the  work. 
The  back  rest_/'is  adjusted  to  the  work  the  same  as  in  the 
ordinary  box  tools. 

This  flat  style  of  turret  gives  great  rigidity  to  the  tools 
and  their  cutting  edges,  and  this  rigidity  is  not  dependent 
on  the  length  of  the  work.  Ordinary  box  tools  can  only  be 
used  upon  comparatively  short  work,  while  this  style  of  tool 
will  operate  upon  much  longer  stock. 

AUTOMATIC  SCREW  MACHINES. 

47.     Characteristic  Feature  of  Automatic  Screw 

Machines. — The  characteristic  feature  in  the  automatic 
machines  is  that  the  movements  made  by  hand  when 
operating  the  hand  screw  machine  are  made  automatically 
in  the  automatic  machines.  These  movements  are  brought 
about  by  a  series  of  cams  and  levers  that  control  the  work- 
ing of  each  part  of  the  machine.     The  introduction  of  the 
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automatic  controlling  part  makes  the  machine  much  more 
complicated  than  the  simple  hand  machine. 

48.  Setting  Up  Automatic  Machines. — Whenever 
a  piece  of  a  certain  shape  is  to  be  made,  a  special  cam  must 
be  designed  that  will  give  the  proper  movements  to  the 
parts.  Every  new  shape  of  work  requires  a  specially  de- 
signed cam  and  a  new  arrangement  of  tools.  These  factors 
also  vary  for  each  make  of  machine. 

The  cutting  tools  are  the  same  in  principle  for  the  auto- 
matic as  for  the  hand  machines;  hence,  no  special  descrip- 
tion of  this  class  of  machines  is  necessary. 

49.  Wlien  to  Use  Turret  Latlies. — Before  a  piece  of 
work  can  be  successfully  performed  with  the  turret  machines, 
some  special  fixtures  must  be  made  and  the  machine  adjusted ; 
they  then  produce  finished  pieces  much  faster  than  the 
engine  lathe. 

In  determining  whether  to  use  the  hand  tur'ret  or  auto- 
matic machines,  the  amount  of  finished  work  to  be  produced 
must  be  considered.  If  only  a  few  pieces  are  to  be  made, 
it  will  not  pay  to  make  special  tools,  or  even  to  take  the  time 
to  set  up  an  automatic  machine,  until  the  number  of  pieces 
to  be  finished  has  so  increased  that  the  saving  in  time  over- 
balances the  cost  of  making  special  tools  and  fixtures. 
Hand  machines  may  be  employed  for  a  moderate  number  of 
pieces,  but  if  there  are  only  a  very  few  the  engine  lathe  or 
a  chucking  machine  should  be  used. 


SPECIAL   FORxVlS  OF   LATHES, 


POWER-DRIVEN   LATHES. 


TOOLMAKKRS*  LATHE. 

50*  General  Description  of  Toolmakers*  Lathe. — 
The  term  toolmakers*  lathe  is  applied  to  lathes  having 
from  10  to  10  inches  swing,  and,  in  appearance,  are  sim- 
ilar to  the  regular  screw-cutting  engine  lathe.  They  are 
equipped  with  taper  attachment,  compound  rest,  and  special 
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chucks,  and  are  made  with  a  greater  degree  of  perfection 
than  is  the  ordinary  engine  lathe. 

51.     Special  Cbucks. — The  special  chucks  found  on 
toolmakers*   lathes  are   used  for   holding  rods  or   bars   of 

different  sizes.  They 
are  similar  in  princi- 
ple to  those  used  on 
turret  screw  ma- 
chines. The  collets 
shown  in  Figs.  2 
and  3  are  known  as 
push  -  in  collets, 
that  is,  they  are 
pushed  into  a  taper 
hole  to  close  them. 
Another  style  of  col- 
let that  works  on  the 
same  principle  is  the 
draDv-in  collet.  In 
the  draw-in  collet, 
the  bevel  on  the  large 
end  slopes  in  an  op- 
posite direction  from 
that  shown  in  Fig.  3, 
so  that,  to  close  the 
chuck,  it  is  drawn 
into  a  tapered  hole 
in  the-  headstock. 
This  latter  style  is 
very  commonly  used 
on  toolmakers* 
lathes. 


* 

d 


BENCH   LATHES. 

52.     General 
I>escription  of  ttie 
B^ncb  Lattie. — When  small  work  must  be  finished  with 
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considerable  accuracy,  the  ordinary  engine  lathe  is  too  large 
and  clumsy,  and  the  hand  lathe  does  not  possess  the  accuracy 
or  the  attachments  necessary  to  do  the  work.  To  finish  this 
class  of  work,  the  bencti,  or  prectston,  lattie.  Fig.  40,  may 
be  used.  This  lathe  is  fitted  with  a  double  slide  rest  with 
automatic  feed.  The  slide  rest  may  be  removed  and  an- 
other attachment  supplied  in  its  place  for  special  milling 
operations.  For  cutting  threads,  a  chaser  bar  is  provided. 
This  chaser  bar  is  operated  as  the  one  described  in  connec- 
tion with  turret  lathes,  Fig.  33.  Special  draw-in  collets  are 
used  for  holding  small  rods.  These  lathes,  while  not  in 
reality  watchmakers*  lathes,  are  similar  to  them.  They  are 
intended  only  for  light  work. 


GAP  LATHBS. 

53.  Special  Feature  of  the  Gap  Lathe. — A  style 
of  lathe  that  is  often  seen  in  shops  where  large  lathes  of 
considerable  swing  are  seldom  needed,  is  shown  in  Fig.  41. 
This  is  known  as  the  s:ap  lathe.  Its  principal  feature  is 
the  second  bed  a,  which  slides  upon  the  main  bed  b. 
When  ordinary  work  is  to  be  turned,  the  top  bed  is 
moved  up  very  close  to  the  face  plate,  nearly  closing  the 
gap  g.  It  is  then  used  as  an  ordinary  lathe.  When  a  par- 
ticularly large  piece  is  to  be  turned,  the  upper  bed  is  moved 
away  from  the  headstock  by  turning  the  hand  wheel  ^,  thus 
opening  the  gap  g  and  giving  the  lathe  its  full  swing  over 
the  main  bed  b. 


TWO-SPIN  DL.B  LATHB. 

54.  Disting^uishins  Characteristics  of  the  T^vo- 
Spindle  Lathe. — A  style  of  lathe  that  in  many  cases 
answers  the  same  purpose  is  the  ti?vo-spindle  lathe  shown 
in  Fig.  42.  For  ordinary  work,  the  lower  set  of  spindles  a^  b 
are  used,  but  when  the  piece  is  too  large  to  be  swung  on  the 
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lower  set  of  spindles,  the  high  ones  c,  d  are  used  and  the  tool 
post  blocked  up  by  using  a  special  cross-slide, 

55.  Blocklns  Up  of  I.attaes. — It  is  common  practice 
in  lathe  work,  when  the  piece  to  be  operated  upon  is  a 
little  too  large  to  be  swung  in  the  largest  lathe,  to  block 
up  the   headstock  and  tailstock   by   putting   under   them 


PIO.  4K. 

wooden  or  iron  blocks  until  the  centers  are  sufficiently  high 
above  the  bed  to  allow  the  work  to  swing.  The  gap  lathes 
and  the  two-spindle  lathes  are  intended  to  take  the  place  of 
the  blocked-up  lathe.  Thus  far,  the  lathes  mentioned  have 
been  of  the  same  type  as  the  standard  engine  lathe,  with 
only  slight  modifications. 


AXLB  I^ATHBS. 

56.     General  Description    of  the    Axle    Latbe.^- 

Specially  designed  machines  are  often  made  when  there  is 
enough  of  a  particular  kind  of  work  to  warrant  them.  Car 
axles  may  be  turned  on  an  ordinary  engine  lathe,  but  it  is 
possible  to  do  the  work  much  faster  on  one  of  a  special  de- 
sign, such  as  is  shown   in   Fig.  43.     This   axle   lathe  is 
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designed  so  that  the  two  ends  of  the  axle  may  be  turned  at 
the  same  time.  To  accomplish  this,  the  driving  head  is 
placed  in  the  center  of  the  lathe  bed.  This  allows  the  work 
to  be  turned  on  dead  centers — a  very  desirable  thing  when 
accuracy  is  desired — and  it  also  leaves  the  ends  free,  so  that 
a  cut  may  be  taken  on  each  end  at  the  same  time.  The 
driving  head  is  operated  by  gearing  connected  by  a  shaft 
with  the  cone  pulley  seen  at  the  left.  The  axle  shown  in 
place  in  the  lathe  is  handled  by  means  of  the  overhanging 
crane. 

57«  Method  of  Driving  the  Work. — After  the  work 
is  adjusted  between  the  centers,  the  dog  or  driver  is  put  in 
place.  This  should  be  an  equalizing  dog,  or  a  two-tailed 
dog  operated  by  an  equalizing  device,  so  that  the  force 
required  to  drive  the  work  will  not  spring  the  axle.  Chucks 
cannot  be  used,  as  they  spring  the  work.  Means  are  pro- 
vided for  keeping  a  large  supply  of  soda  water  flowing  on 
the  tool  during  the  cut. 


DITHBEL  LATHB8. 

58.  Fig.  44  shows  a  style  of  lathe  especially  designed 
for  turning  locomotive  driving  wheels  after  they  have 
been  pressed  on  to  an  axle.  This  lathe  is  designed  with 
two  driving  heads  and  two  tool  rests,  thus  enabling  the 
operator  to  turn  both  driving  wheels  at  the  same  time.  It 
will  be  noticed  that  there  are  no  feed-rods  along  the  bed  to 
operate  the  tool  carriages,  as  found  in  ordinary  lathes. 
The  tool  carriage  ordinarily  used  is  similar  to  the  compound 
rest,  since  it  may  be  turned  on  its  base  and  set  at  any 
desired  angle.  Two  slides  allow  the  tool  to  be  moved  in 
two  directions,  at  right  angles  to  each  other.  Screws  for 
moving  the  slides  are  operated  by  a  lever  a  connected  to  the 
feed-screws  by  ratchets  b.  These  levers  are  moved  auto- 
matically by  levers  and  cams  in  a  separate  mechanism 
above  the  lathe  to  which  they  are  connected  by  chains. 

After  the  wheels  on  the  axles  are  put  between  the  centers, 
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the  drivers  c  shown  on  each  face  plate  are  so  adjusted 
against  each  wheel  that  it  is  driven  from  its  face  plate. 
These  lathes  may  also  be  used  for  boring  the  tires  of  locomo- 
tive driving  wheels,  the  tires  being  bolted  to  the  face  plate 
and  bored  and  faced,  as  in  ordinary  face-plate  work.  This 
method  of  boring  tires  is  not  often  employed,  as  they  can 
be  bored  much  better  on  a  boring  mill. 


PULLET  LATHES. 

59«     Fig.  45  shows  a  type  of  lathe  specially  designed 
for  turning  pulleys.     The  lathe  has  two  tool  rests  so  that 
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two  tools  may  be  used,  one  at  the  front  and  one  at  the  back 
of  the  machine.  Special  driving  dogs  attached  to  the  face 
plate  drive  the  pulley  by  its  arms. 
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HAND,  OR  SPEED,  LATHES. 

60.  General  Description  of  the  Hand  Lathe. — 
Hand  lathes,  or  speed  lathes,  are  the  smaller  sizes  of 
lathes  used  for  such 
operations  as  can  be 
performed  with  tools 
held  in  the  hand,  or  for 
such  operations  that 
require  a  higher  speed 
of  work  than  can  be 
obtained  by  the  ordi- 
nary turning  lathe. 
These  lathes  are  with- 
out back  gears  or  slide 
rests.  Pig.  16  shows  a 
standard  type  of  hand 
lathe.  It  is  mounted 
on  a  table,  which  makes 
a  convenient  place  for 
holding  tools  and 
work.  p,o. «. 

61.  Use  of  the  Hand  Lathe. — Work  that  is  of  irreg- 
ular outline,  requiring  the  use  of  hand  gravers,  is  often 
finished  on  this  type  of  lathe.  When  a  small  chuck  is  titled 
to  the  spindle  of  the  lathe,  it  is  very  handy  for  turning  or 
pointing  small  rods  and  pins,  and  a  variety  of  similar  work. 
Drilling  may  also  be  done  very  conveniently  on  certain 
cUsses  of  work.  When  much  drilling  is  to  be  done,  a  tail- 
stock  with  a  lever  attachment  for  feeding  the  spindle  is 
more  convenient  than  the  screw  attachment. 

62.  Special    Centers. — When   the   lathe  is  used  for 

drilling  or  reaming  center 
holes,  the  drill  is  held  in  a 
I  chuck  and  the  work  pressed 
against  the  drill  by  the  tail- 
stock  spindle. 
»«■«■  When    holes    are    to    be 
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drilled  in  thin  flat  pieces,  a  pad  center.  Fig.  47,  can 
be  used  in  place  of  the  cone  center.  When  holes  are 
to  be  drilled  diametrically  through  rods  or  tubes,  a  forked 

center,  or  V  block,  Fig.  48, 
aids  in  holding  the  work 
true. 

63.     Hand    Slide 

^'o-  «•  Rest.— Fig.    49   shows    a 

band  slide  rest  that  is  of  ten  used  on  these  hand  lathes. 
The  ordinary  hand  rest  is  removed  and  this  is  clamped  in 


Fig.  49. 


its  place.     A  small  tool  can  be  held  in  the  tool  post,  and  for 
light  work  it  is  very  convenient. 


POLISHING. 

64.  Object  of  Polishing. — One  of  the  principal  uses 
for  which  the  speed  lathe  is  adapted  is  pollstilns  cylindrical 
work.  The  various  parts  of  a  machine  are  polished  to  add 
to  its  attractiveness  and  beauty,  and  not  to  add  to  the  per- 
fection of  its  movements  or  to  increase  its  efficiency.  Parts 
of  the  machine  that  are  fitted  to  each  other,  or  are  in  unseen 
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places,  should  not  be  polished.  When  a  piece  is  well  pol- 
ished, it  is  smooth  and  true,  free  from  scratches,  possesses 
brilliancy,  is  even  in  its  appearance,  and  free  from  bright- 
and  dull-colored  streaks. 


FILING. 

65.  General  Consideration. — When  a  cylindrical 
piece  is  to  be  polished,  it  should  be  finished  with  a  very 
smooth  finishing  cut  on  the  lathe.  It  is  next  made  smooth 
by  filing.  Just  enough  filing  should  be  done  to  remove  the 
tool  marks,  care  being  taken  not  to  scratch  the  work.  This 
scratching  often  occurs  and  is  called  pinning.  Pinning  is 
caused  by  the  filings  collecting  in  the  teeth  of  the  file  and 
forming  little  balls  of  metal.  When  the  file  is  passed  over 
the  work,  these  little  balls  of  shavings  will  catch  in  the  sur- 
face and  produce  deep  scores  or  scratches.  This  will  occur 
every  time  the  file  passes  over  the  work  until  the  file  is 
cleaned.  For  cleaning  the  teeth  of  the  file,  a  file  r^irrf should 
be  used.  A  file  card  is  similar  to  a  very  stiff  brush  with  very 
fine  steel  wires  taking  the  place  of  the  bristles.  When  the 
card  is  used,  it  is  drawn  across  the  file  so  that  the  wires  fol- 
low in  the  spaces  between  the  teeth.  Ordinarily,  this  oper- 
ation will  clean  the  file,  but  if  it  does  not,  and  the  little  bright 
spots  of  shavings  are  still  seen,  they  must  be  picked  out  with 
a  piece  of  soft-iron  wire  that  has  been  flattened  on  the  end. 
The  flat  end  is  laid  on  the  file  and  moved  across  it  in  such  a 
way  that  it  will  get  under  the  ball  of  shaving  and  remove  it. 

66.  Files  for  Latlie  Work. — The  best  files  to  use  for 
lathe  work  are  the  mill  files.  These  are  single-cut  and  there 
is  less  danger  of  their  pinning  than  with  the  double-cut  files. 
They  also  cut  smoother. 

67.  Avoiding  Pinning. — Pinning  may  be  more  or  less 
avoided  by  properly  holding  the  file  on  the  work.  When 
filing,  the  point  of  the  file  should  be  held  to  the  right 
so   that   it    is    at    an   angle   to   the    work,    as    shown    in 


44  LATHE   WORK.  §7 

Fig.  60.     While  held  in  this  position,  the  file  is  moved  across 

the  work  squarely  in  the 
direction  of  the  arrow. 
This  makes  it  appear  as  if 
the  file  were  moving  to- 
ward the  left.  Such,  how- 
ever, is  not  the  case. 
Q  Pinning  may  also  be 
avoided  at  times  by  filling 
the  teeth  of  the  file  with 
chalk. 

68.     Speed    of    tlie 
Work  for  Filing.— The 

pj^  ^  speed  of  the  work  for  filing 

must  be  considered  the 
same  as  the  speed  of  the  work  for  turning.  If  the  file  be 
brought  against  a  rapidly  revolving  piece,  like  the  face  of  a 
large  pulley,  or  similar  work,  it  will  be  found  that  the  points 
of  the  teeth  are  instantly  worn  away,  and  that  the  file  is 
as  quickly  destroyed  as  if  it  had  been  held  against  a  rapidly 
revolving  emery  wheel.  The  cutting  speed  of  a  file  should 
not  be  much  over  40  or  60  feet  per  minute  on  iron  or  steel. 
When  the  work  is  small  in  diameter,  it  may  be  run  at  quite 
a  high  number  of  revolutions,  so  that  in  making  one  stroke 
of  the  file  over  the  work,  the  work  will  make  a  number  of 
revolutions.  This  is  desirable  when  an  attempt  is  being 
made  to  keep  the  work  true.  It  is  difficult  to  file  the  same 
amount  from  every  point  along  the  work,  since  one  part  of 
the  work  will  be  filed  more  than  another,  with  the  result 
that  the  longer  the  filing  operation  is  continued,  the  more 
untrue  the  work  becomes. 

69.  Even  Filing. — When  the  work  is  large  in  diameter, 
it  will  be  necessary  to  run  it  at  a  lower  number  of  revolu- 
tions per  minute.  Suppose  the  rate  of  file  strokes  were  one 
a  second,  and  the  rate  of  revolutions  of  the  work  the  same. 
Then,  for  one  stroke  of  the  file  forwards,  the  work  would 
make  half  a  revolution,  and  it  would  be  filed  half  around  its 
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circumference.  While  the  file  is  being  drawn  back  for  the 
second  stroke,  the  work  begins  its  second  revolution  and  the 
file  again  cuts  half  of  the  circumference  of  the  work.  It  will 
also  be  on  the  same  side  of  the  work.  In  this  case,  the  file 
has  cut  twice  on  one  side  of  the  work,  and  has  entirely  skipped 
the  opposite  side.  This  will  be  continued  so  long  as  the  rate 
of  file  strokes  and  revolutions  of  the  work  are  the  same.  It 
may  be  seen  from  this  that  to  keep  the  work  nearly  true^  the 
file  strokes  should  be  slow  enough  to  allow  the  work  to  make  a 
number  of  revolutions  for  each  stroke  of  the  file. 


USB  OP  BMBRT. 

70.  U»e  of  a  Pollslilns  Stick. — After  the  tool  marks 
have  been  removed  by  filing,  the  piece  is  treated  with  a 
coarse  piece  of  emery  cloth,  which  will  remove  the  file  marks. 
After  the  file  marks  have  been  removed,  a  finer  grade  of 
emery  is  used  until  the  coarser  emery  marks  have  been 
removed,  and  so  on,  using  finer  grades  of  emery  until  the 
desired  polish  is  obtained.  Emery  cloth  should  be  pressed 
very  hard  against  the  work  by  using  a  polishing  stick,  which 
is  passed  over  the  tool  rest  of  the  lathe  and  under  the  work, 
the  emery  cloth  being  held  between  the  stick  and  the  work. 
By  pressing  down  on  the  outer  end  of  the  stick,  the  emery 
cloth  can  be  brought  with  great  pressure  against  the  work. 

71.  Speed  for  Pollslilng:. — The  speed  for  polishing 
is  quite  different  from  that  used  for  filing.  The  higher  the 
speed  the  better,  provided  the  work  and  the  machine  are 
balanced  so  that  the  high  speed  does  not  shake  the  machine 
too  badly.  When  polishing,  the  stick  should  be  moved  so 
that  it  will  not  remain  in  one  position  on  the  work,  but  will 
move  back  and  forth,  in  order  that  the  lines  cut  by  the  par- 
ticles of  emery  will  be  constantly  crossing  and  recrossing 
one  another.  Oil  should  be  supplied  to  the  work  and  the 
emery,  in  a  quantity  sufficient  to  keep  the  surface  moistened, 
but  not  so  that  it  will  be  thrown  from  the  machine  in  great 
quantities. 
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72«  Care  of  tbe  Centers. — ^When  a  piece  of  work  is 
being  polished,  so  much  heat  may  be  generated  as  to  cause 
it  to  expand  along  its  entire  length.  If,  in  the  first  place, 
the  dead  center  has  been  made  fairly  tight,  it  will  become 
locked  in  the  end  of  the  work,  the  oil  having  been  burned 
out,  and  will  be  twisted  off.  This  should  be  carefully 
guarded  against  by  keeping  the  centers  free  and  well  oiled. 

73.  Flnlslilns  a  PoUslied  Surface.  —  When  the 
piece  is  nearly  finished,  the  pressure  of  the  emery  is  reduced 
and  the  movement  along  the  length  of  the  work  is  slower. 
For  the  finest  grades  of  polish,  fine  crocus  cloth  is  used  and 
still  finer  polishes  are  produced  by  using  rottenstone.  Not 
much  machine  work  is  carried  to  that  perfection  of  polish 
that  requires  crocus  cloth  or  rottenstone  for  finishing.  A 
very  high  polish  may  be  obtained  by  using  a  much  worn 
piece  of  No.  0  or  00  emery  cloth. 

Grain  emery  is  often  used  in  the  place  of  emery  cloth. 
Bare  wood,  or  pieces  of  lead  on  the  face  of  the  wood,  is  used 
to  hold  the  emery  against  the  work.     The  particles  of  emery 
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embed  themselves  in  the  soft  wood  or  in  the  lead  and  so  are 
held  from  being  thrown  from  the  work.  Oil  is  used  as 
before. 
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74.  PollshlnK  Clamp. — For  plain  cylindrical  work,  a 
very  convenient  and  eflfective  way  of  holding  the  emery 
against  the  work  is  brought  about  by  fastening  two  pieces 
of  wood  together  at  the  end  with  a  leather  hinge.  The  two 
inside  faces  of  the  pieces  are  cut  out  at  a  short  distance  from 
the  hinged  end,  so  that  they  will  iit  over  the  shaft,  as  shown 
in  Fig.  fil.  By  pressing  the  outer  ends  together,  consider- 
able pressure  is  brought  against  the  shaft.  Either  emery 
cloth  or  grain  emery  may  be  used  with  this  device. 
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75.     General    Considerations.  —  When   long   shafts 
are  to  be  turned,  it  is  necessary  to  support  them  along  their 
length.     If  there  is  no  support,  they  will  bend  and  vibrate 
so  that  it  will  be  very  difficult  to  take  s  cut  from  them. 
Fig.  53  shows  a  form  of  steady  rest  that  is  usually  supplied 
with  engine  lathes.     When  in  use,  this  steady  rest  is  bolted 
to  the  top  of  the  lathe 
bed  at  a  place  where  it 
is  desired  to  support  the 
shaft.  The  rest  is  made 
in   two    parts,    with   a 
hinge  a  at  the  back  and 
a  latch  or   clamp  b  at 
the    front.     After   the 
steady  rest  is  clamped 
on  the  bed,  the  latch  is 
undamped  and  the  top 
half  turned  back  so  that 
the   shaft   can  be   put 
in    the   lathe    between 
the  centers.      The  top 
half  is  then  closed  and 
clamped   in   place.     If 
the  shaft  be   perfectly 
true,  the  jaws  c  of  the  pio.  ra. 
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steady  rest  may  be  adjusted  so  that  they  just  touch  it 
Screws  d  stand  against  the  ends  of  the  jaws  and  hold  them 
against  the  work.  After  the  jaws  have  been  adjusted  so 
•that  they  all  touch  the  shaft,  but  do  not  spring  it,  they 
are  clamped  by  the  bolts  ^,  which  pass  through  the  jaws  and 
the  rest.  The  jaws  should  be  oiled  where  the  shaft  turns  on 
them. 

76«  Spottins  the  Shaft. — If  the  shaft  does  not  run 
perfectly  true,  a  spot  must  be  turned  on  it  that  does  run 
true  and  the  jaws  of  the  steady  rest  adjusted  to  the  spot. 
If  the  steady  rest  were  adjusted  to  a  place  that  did  not  run 
true  at  first,  it  would  be  found  that  after  it  was  adjusted,  the 
shaft  would  appear  to  run  true  and  would  continue  to  do  so 
until  the  jaws  were  again  loosened,  when  the  shaft  would 
spring  to  its  natural  shape  and  wabble  as  before.  When  a 
shaft  is  to  be  spotted  for  the  steady  rest,  a  very  fine  light 
cut  is  made  (of  any  diameter  so  long  as  it  is  true)  to  give 
the  jaws  a  fair  bearing. 

If  the  shaft  is  quite  long  and  it  is  desired  to  put  the  steady 
rest  near  the  middle  of  the  shaft,  it  may  be  found  that  a  cut 
cannot  be  taken  in  the  middle  of  the  shaft  to  spot  it  because 
of  its  extreme  flexibility.  Cuts  near  the  end  of  the  shaft, 
where  it  is  better  supported  by  the  lathe  centers,  may  be 
taken.  In  such  a  case,  a  cut  would  be  taken  near  the  dead 
center  and  a  spot  made.  Having  the  shaft  thus  spotted,  the 
steady  rest  may  be  adjusted  to  this  place  and  the  second 
spot  turned  farther  along.  In  this  way,  the  spots  may  be 
moved  along  the  shaft  until  the  middle  is  reached. 

71.  The  Cat  Head. — On  some  classes  of  work,  it  is 
desirable  to  use  the  steady  rest  on  a  part  that  does  not  run 
true  and  it  is  not  desirable  to  spot  the  place  on  the  shaft.  In 
such  a  case,  a  device  called  a  cat  head  is  adjusted  on  the 
shaft.  A  cat  head  is  a  collar  that  fits  loosely  over  the  shaft 
to  the  place  where  the  steady  rest  is  to  be  adjusted,  and  is 
here  clamped  upon  the  shaft  by  a  number  of  setscrews,  as 
shown  in  Fig.  63.  By  varying  the  adjustment  of  the  set- 
screws  at  the  ends,  the  cat  head  may  be  set  to  run  true. 
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After  it  has  been  set,  the  jaws  of  the  steady  rest  may  be 
adjusted  to  it  .the  same  as  to  a  larger  shaft.  In  the  case  of 
the  slim  shaft  just  mentioned,  the  cat  head  may  be  used 
instead  of  making  the  series  of  spots  from  the  end. 

If  the  shaft  is  long,  it  may  be  necessary  to  use  two  or 
more  steady  rests.     When  the  tool  and  carriage  have  fed  up 


to  the  steady  rest,  it  must  be  moved  to  another  position  to 
allow  the  cut  to  pass.  It  is  difficult  to  turn  long  shafts  and 
have  them  remain  straight,  even  if  the  spots  are  turned 
with  great  care.  When  the  shaft  is  rolled,  its  surface  is 
more  or  less  under  tension,  and,  as  it  is  turned,  this  tension 
is  removed,  thus  allowing  the  shaft  to  spring  so  that  the  spot 
that  was  turned  true  when  the  shaft  was  rough  is  untrue 
after  it  is  turned. 


POI.I.OWGB  BB8TS. 

78.  Another  method  of  supporting  shafts  while  being 
turned  is  by  the  use  of  the  follower  rest.  Such  a  style 
of  rest  is  shown  in  Fig.  54.  This  rest  is  bolted  securely  to 
the  carriage  and  travels  with  it.  When  it  is  used,  a  cut  of 
the  desired  diameter  is  started  at  the  end  of  the  shaft.  As 
soon  as  a  spot  is  made  true,  the  two  jaws  c,  c  are  carefully 
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adjusted  to  the  work  iv.  Since  there  is  a  tendency  to 
spring  the  shaft  away  from  the  tool,  it  will  be  seen  that  the 
two  jaws  are  sufficient  to  support  the  work. 

79<     Solid  Busblngs. — Another  method  of  supporting 
the  work  is  by  means  of  the  follower  rest  supplied  with 


bushlngn,  so  that  as  soon  as  the  end  of  the  shaft  is  turned, 
it  enters  a  rigid  bearing.  Such  a  follower  rest  is  shown  in 
Fig.  65.  Bushings  b  bored  to  different  diameters  are  used 
for  different  sizes  of  shafts.  This  style  of  follower  rest 
gives  a  very  perfect  support  for  the  shaft.  When  used,  the 
tool  is  set  slightly  in  advance  of  the  follower.  The  closer 
the  tool  is  set  to  the  follower  rest,  the  less  danger  there  is 
of  its  chattering. 


SHAFTING  LATHES. 

SO.     Special  Sbafting  Turner.— When  much  shaft- 
ing is  to  be   turned,   a   regular  sbaftlnic  latbe  is  used. 

These  lathes  have  very  long  beds  and  the  carriage  is  fitted 
with  a  shafting  turner.  The  shafting  turner  consists  of 
a  follower  rest  with  bushings  to  fit  around  the  shaft,  similar 
to  that  shown  in  Fig.  55.     It  also  has  two,  three,  or  four 
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tool  slides,  so  that  an  equal  number  of  tools  may  be  used  to 
cut  at  once.  When  used,  two  or  three  roughing  tools  pre- 
cede, and  one  finishing  tool  follows  the  rest.  Thus,  the 
shaft  is  roughed  and  finished  at  one  cut. 

81.  Torsion  in  tlie  Shaft. — Much  power  is  required 
to  take  a  cut  with  four  tools  cutting  at  the  same  time,  and, 
in  the  case  of  a  long  shaft,  the  torsion  in  it,  when  the  tools 
are  at  the  beginning  of  the  cut,  is  considerable.  To  over- 
come this,  long  shafts  are  driven  from  both  ends. 


STRAIGHTENING. 

82.  Straiffliteiiliis:  Mactilnes* — ^After  the  shafts  are 
turned,  they  are  apt  to  be  crooked  for  the  reasons  mentioned 
above.  They  are  straightened  on  a  regular  shafting: 
stralffhtener,  which  consists  of  a  number  of  conical  rolls 
so  arranged  that,  as  the  shaft  is  revolved  and  drawn  be- 
tween the  rolls,  it  is  bent  and  straightened. 

83«  Straiffhtenlns  Small  Work. — A  special  straight- 
ener  is  not  always  necessary  in  order  that  a  shaft  may  be 
made  true.  Small  straightening  presses  may  be  used  for 
bending  the  crooked  shaft  to  make  it  straight.  These 
straightening  presses  are  so  constructed  that  the  shaft  to 
be  straightened  may  rest  upon  two  supports  from  1  to  3 
feet  apart,  depending  on  the  size  of  the  straightener.  An 
arm  projects  from  behind  the  machine,  midway  between  the 
points  of  support,  and  over  the  shaft  in  such  a  way  that  a 
vertical  screw  may  be  used  for  pressing  the  shaft  down. 
When  the  shaft  is  to  be  straightened,  it  is  supported  be- 
tween the  centers  of  the  lathe,  and,  while  revolving  slowly, 
it  is  marked  with  chalk  on  the  high  side.  It  is  then  removed 
from  the  lathe,  taken  to  the  straightener,  and  bent  suffi- 
ciently to  make  it  straight.  A  number  of  trials  may  be 
necessary  to  make  the  shaft  run  true.  If  the  bend  is  a 
short  kink,  then  all  the  straightening  should  be  done  at  that 
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place,  but  if  the  original  crook  is  a  long  sweep,  the  work 
should  be  straightened  by  a  series  of  applications  of  the 
press  along  the  work.  These  presses  are  sometimes  sup- 
ported on  wheels  and  set  directly  on  the  lathe  bed.  After 
the  work  is  tested,  the  press  is  moved  along  the  bed  to  the 
crooked  place  on  the  shaft,  and,  after  loosening  the  lathe 
centers,  the  machine  is  used  for  straightening  the  work. 

84.  If  such  a  press  is  not  at  hand,  a  shaft  may  be 
straightened  after  marking  by  taking  it  from  the  lathe  and 
resting  it  upon  two  solid  blocks  of  wood,  with  the  marked 
part  up  between  the  blocks.  A  third  block  is  rested  on  the 
shaft  between  the  supporting  blocks,  and  is  struck  a  blow 
with  a  hammer  or  sledge.  Care  must  be  taken  not  to  de- 
liver too  heavy  a  blow  or  the  work  will  be  more  crooked 
than  before. 

• 

85.  Sometimes,  when  the  proper  straightening  devices 

are  not  at  hand,  slender  work  may  be  straightened  between 
the  lathe  centers,  but  such  practice  injures  the  lathe  and 
should  not  be  used  except  in  special  cases.  The  work  is  re- 
volved between  the  lathe  centers  and  the  high  side  marked. 
A  bar  or  lever  is  then  put  over  a  tool  in  the  tool  post  and 
under  the  work  in  such  a  way  that  when  the  lever  is  pushed 
down  by  hand  the  work  will  be  sprung  up.  By  turning  the 
work  so  that  the  marked  part  is  down,  it  can  be  so  sprung 
that,  after  a  number  of  trials,  it  will  run  quite  true.  If  the 
bend  is  a  long  uniform  one,  it  can  be  straightened  by  simply 
bending  or  springing  the  bar  as  just  indicated.  If  the  shaft 
appears  to  have  a  short  bend,  while  either  side  of  the  bend 
appears  to  be  straight,  this  short  bend  can  be  taken  out  by 
springing  up  the  shaft  with  the  lever,  as  described,  and 
striking  a  few  blows  with  the  hammer  on  the  top  of  the 
shaft  on  the  bent  part.  The  hammering  should  be  light  at 
first  or  the  bar  will  be  found  to  be  bent  as  badly  as  it  was 
before,  but  to  the  opposite  side.  This  hammering  has  a 
peening  action  that  tends  to  slightly  stretch  the  shaft  on  the 
side  struck. 
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86.     Stralehtemiijt   L«adscrews. — This   method  of 
peening  is  sometimes  used  for  straightening  large  or  long 
lathe  leadscrews  after  they  have  been 
threaded.     A  special  tool  is  used  for 
peening  the  threads,  as  shown  in  Fig. 

50.     This  tool  is  made  thin  at  its  edge,  ^-^        ^ 

so  that  it  will  go  between  the  threads 
down  to  the  root.  It  is  concave,  so 
that  it  fits  around  the  screw  for  a 
short  distance.  When  the  screw  is 
tested  and  found  to  be  untrue,  it  is 
sprung  up  with  the  lever  at  the  bent 
place,  and,  while  held  in  this  sprung  ""'"■ "' 

position,  a  few  of  the  threads  on  the  top  side  are  peened  with 
the  peening  tool  and  a  hammer.  With  some  skill,  a  screw 
that  was  badly  bent  may  be  quickly  straightened.  It  may 
be  seen  that  this  method  of  straightening  screws  will  not 
do  when  the  pitch  of  the  leadscrew  must  be  accurate,  since 
it  will  slightly  stretch  the  screw.  For  ordinary  purposes, 
however,  the  stretching  of  the  screw  caused  by  slight  peening 
would  be 'SO  little  that  it  would  scarcely  be  perceptible. 
The  most  accurate  leadscrews  are  always  straightened  with- 
out peening. 


CSB  OP  STEADY  REST  IN  CHtlCKING. 

87.  Application  of  Steady  Rest  to  Bars.— Fig.  67 
shows  how  a  bar  may  be  held  when  it  is  desired  to  operate 
on  the  end  for  boring  or  turning.  In  a'djusting  the  steady 
rest,  the  bar  is  held  by  one  end  in  the  chuck,  while  the 
other  end  is  supported  on  blocks  of  wood  at  a  height  equal 
to  that  of  the  dead  center.  The  steady  rest  is  moved  very 
close  to  the  chuck  and  the  jaws  adjusted  to  touch  the  bar. 
After  the  jaws  are  adjusted,  the  steady  rest  is  opened  by 
turning  back  the  top,  but  without  changing  the  adjustment 
of  the  jaws.  It  is  then  moved  down  the  bar  and  clamped  in 
the  desired  place.     By  this  method  of  adjusting  the  jaws, 
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the  work  is  held  in  line  with  the  headstock  spindle.     This 
method  of  supporting  work  is  often  used   for  very   large 


PlO.  67. 

pieces,  and,  when  necessary,  very  large  and  heavy  steady 
rests  are  used. 

88.  Appllcatloo  of  Steady  Rest  to  tlie  Turolnff 
and  Borlos  of  Large  Guns. — The  forgings  for  large 
gun's  are  usually  operated  upon  while  one  end  is  sup- 
ported in  and  driven  by  a  chuck,  and   the  body  of  the 

piece  rests  on  one  or  more 
steady  rests.  These 
steady  rests  are  of  a 
specially  heavy  design. 
Fig.  58  illustrates  one  of 
them  supporting  the 
inner  tube  for  a  12-inch 
gun,  a  being  the  tube 
and  b  a  large  chucking 
drill  used  for  boring  the 
inside  of  the  tube.  In 
this  gun  work,  the 
roughing  and  finishing 
tools  are  specially  de- 
signed drills  and  reamers, 
and  the  cutting  speeds  are  very  slow,  it  having  been  found 
that  speeds  exceeding  6  or  8  feet  per  minute  are  usually  un^ 
profitable,  on  account  of  the  fact  that  they  cause  excessive 
wear  and  breakage  of  the  costly  tools. 


Fig.  68. 
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TURNING  BV   MEANS  OF  A  ROTATING  TOOL. 

89.     Occasionally  a   job  has  to  be  done  that  requires  the 
turning  of  a  trunnion,  or  projection,  upon  a  large  and  heavy 


casting.  If  such  a  casting  b  were  placed  in  the  lathe  and  ' 
rotated  upon  centers,  it  would  require  a  very  large  lathe  to 
do  the  work.  Fig.  59  illustrates  a  method  by  means  of 
which  this  difficulty  has  been  successfully  overcome.  The 
casting  in  question  is  long  and  heavy  and  is  supported 
at  one  end  upon  a  regular  carriage  a,  and  at  the  farther 
end  upon  a  special  carnage  not  shown  in  the  illustra- 
tion. The  work  requires  that  the  portions  c,  d,  and  e  be 
turned  to  three  different  diameters.  They  are  roughed  by 
means  of  a  tool  attached  to  the  special  arm /attached  to 
the  face  plate  g.  After  the  three  diameters  have  been 
roughed  out,  the  face  plate  g  is  unscrewed  from  the  spindle 
and  the  attachment  //,  shown  in  the  foreground,  substituted 
for  it.  This  attachment  carries  hollow  mills,  as  shown  at  i. 
The  mill  shown  at  i  is  intended  for  finishing  the  portion  c, 
and,  after  this  portion  is  finished,  the  mill  shown  at  j  is 
substituted  to  6nish  the  portion  d,  and  the  mill  shown  at  k 
to  finish  the  portion  e.  The  tool  or  mill  always  revolves  at 
the  same  distance  from  the  face  plate  or  end  of  the  spindle, 
the  work  being  fed  into  or  past  the  revolving  tool  by  means 
of  an  ordinary  feed  upon  the  carriage  a. 
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WORK  OF  THE  PLANER. 


THE  MACHINE. 

1  •  Actloo  of  tlie  Planer. — The  natural  function  of  the 
planer  is  to  produce  a  flat  surface.  This  is  accomplished  by 
causing  the  work,  which  is  fastened  to  a  table  that  has  a 
reciprocating  motion,  to  pass  back  and  forth  under  a  cut- 
ting tool ;  the  tool  is  fed  across  the  work  at  right  angles  to 
the  line  of  motion  of  the  table. 

2.  Names  of  Parts. — A  standard  type  of  a  modern 
planer  is  shown  in  Fig.  1.  This  machine  consists  of  a 
platen  a,  which  slides  in  V-shaped  guides  on  top  of  the 
bed  ^.  Heavy  housings  i,  b  are  securely  bolted  to  the 
bed,  the  movable  cross-rail  c  being  bolted  to  the  front 
face  of  the  housings.  The  cross-rail  carries  one  or  more 
saddles  d^  d  (two  in  this  case) ;  these  saddles  have  the 
planer  heads  e^  ^attached  to  them.  Each  head  has  a  slide 
that  is  operated  by  the  doM^n-feed  handle  f.  For  holding 
the  tool,  each  head  is  provided  with  suitable  tool  clamps, 
as  gy  g.     The  saddles  can  be  moved  along  the  cross-rail  by 
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means  of  feed-ncrewa ;   for  feeding  by  hand  each  feed- 
screw has  a  feed-screw  handle  k.     The  platen  is  driven 


by  gearing  operated  by  belts  placed  on  the  driving  pul- 
leys /  and  reversing  pulleys  /«.     The  direction  in  which 
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the  platen  moves  is  changed  by  tappets y,  /,  which  engage 
the  reversing  lever  i,  which  is  connected  in  turn  to  the 
belt-sblftlns  levers  k^  k.  The  cross-rail  may  be  raised 
or  lowered  by  means  of  screws  within  the  housings;  these 
screws  are  operated  simultaneously  by  bevel  gears  o^  Oy 
one  pair  of  which  is  fastened  to  the  screws  mentioned,  while 
the  other  pair  is  fastened  to  the  shaft  r.  This  shaft  is 
driven  by  spur  gearing,  which,  in  turn,  is  driven  by  a  belt 
placed  on  the  pulley  /. 


METHODS  OF  DRIVING. 

3«  Tinro  Metliods  Commoiily  Used. — There  are  two 
methods  of  imparting  motion  to  the  planer  table  or  platen. 
One  is  by  a  system  of  spur  gearing,  in  which  the  power 
is  transmitted  from  the  belts  to  the  table  by  means  of 
gears.  Planers  thus  driven  are  called  spur -geared  planers. 
The  other  method  is  by  means  of  a  spiral  gear  that  en- 
gages with  a  rack  on  the  under  side  of  the  platen.  The 
gear  is  driven  by  gears  and  shafts,  which,  in  turn,  are 
driven  by  the  belts.  From  the  kind  of  driving  mechanism 
used,  such  planers  are  called  spiral-geared  planers. 

4t.  Spur-Geared  Planers.  —  Fig.  2  shows  how  the 
driving  gears   are  arranged   on   a  spur-greared  planer. 

Three  shafts  pass  through  the  bed  and  have  their  bearings 
at  the  ends.  Shaft  1  projects  through  the  front  side  of 
the  planer  bed  sufficiently  to  receive  the  driving  pulleys  / 
and  f«.  Figs.  1  and  2.  This  shaft,  near  the  back  side  of  the 
bed,  carries  the  pinion  ^,  Fig.  2,  which  engages  with  the 
spur  gear  b  on  shaft  2,  Near  the  center  of  shaft  ^  is  a 
pinion  c,  which  engages  and  drives  a  spur  gear  e  carried  on 
shaft  S.  This  gear  is  the  largest  and  heaviest  in  the  train 
of  gearing  and  is  sometimes  called  the  bull-^vlieel.  On 
the  under  side  of  the  platen,  and  between  the  guides,  or 
V's,  is  a  rack  /",  which  engages  with  the  bull-wheel  e. 

If  we  follow  the  motion  of  the  gears  when  the  belt-driven 
pulleys  are  moving  in  the  direction  indicated  by  the  arrow  k^ 
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it  will  be  found  that  the  table  will  move  in  the  direction  of 
the  arrow  ri.  In  order  to  reverse  the  direction  of  motion, 
two  belts  are  used;  one  of  these  is  an  open  belt  and  the 
other  is  a  crossed  belt.  It  will  be  seen  by  reference  to 
Pigs.  1  and  2  that  there  are  two  pulleys  of  each  size  on 
the  shaft,  one  of  each  set  being  a  loose  pulley.  When  one 
belt  is  rotating  the  shaft  1  in  one  direction,  the  other  belt 
runs  in  an  opposite  direction  on  the  loose  pulley  of  the  other 


set.  When  the  reversing  occurs,  the  driving  belt  is  runoff 
the  tight  pulley  to  the  loose  pulley  beside  it,  while  the  other 
belt, is  moved  from  its  loose  pulley  to  the  fixed  pulley  beside  it. 
This  at  once  changes  the  direction  of  rotation  of  the  shafts, 
and,  consequently,  the  direction  of  motion  of  the  machine. 
When  the  end  of  the  stroke  is  reached,  the  reversing  levers 
at  once  change  the  belts  back  to  the  original  position  and 
the  planer  moves  forwards  as  before. 

5.  Quick  Return — It  will  be  noticed  in  Figs.  1  and  2 
that  the  driving  pulley  /  and  the  return-stroke  pulley  m 
have  different  diameters.  The  pulleys  on  the  counter- 
shaft to  which  these  are  belted  also  have  different  diam- 
eters. By  this  combination,  the  planer  is  made  to  run 
backwards  on  the  return  stroke  at  a  rate  of  speed  3,  3,  or  i 
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times  as  great  as  the  forward,  or  cutting,  speed.  When 
planers  are  thus  designed,  they  are  said  to  have  a  quick- 
return  motion.  This  method  saves  considerable  time 
over  the  old-style  machines,  which-  required  as  much  time 
for  the  return  stroke  as  for  the  forward  stroke. 

6.     Spiral-Geared  Planers. — In  the  splral-Keared 

planers,  two  driving  belts  running  in  opposite  directions 


on  tight  and  loose  pulleys  are  used,  the  same  as  in  the 
spur-geared  planers.  Fig.  3  shows  a  top  view  of  a  spiral- 
geared  planer.  The 
two  driving  pulleys 
are  shown  at  /  and  m. 
It  will  be  noticed  that 
the  shaft  that  carries 
the  pulleys  is  parallel 
to  the  line  of  motion 
of  the  platen,  while  in 
the  spur-geared  planer 
shown  it  was  at  right 
angles  to  it.  On  the 
end  of  the  belt-pulley 
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shaft  is  a  small  bevel  gear  a,  which  engages  with  a  large 
bevel  gear  e  on  the  shaft  c.  On  the  other  end  of  the  shaft  c 
is  a  spiral  gear,  or  worm,  y,  which  engages  with  the  rack 
on  the  under  side  of  the  platen  and  is  shown  in  dotted 
lines  in  the  illustration.  It  may  be  noticed  by  examining 
the  threads  of  a  worm  or  any  screw,  as,  for  instance,  that 
shown  in  Fig.  4,  that  the  threads  are  not  square  with  the 
axis  of  the  screw,  but  make  some  other  angle  than  90°,  as 
shown  by  the  line  OD;  the  angle  depends  on  the  diameter 
of  the  screw  and  its  pitch.  On  account  of  this  fact,  in  a 
spiral-geared  planer,  the  shaft  c  is  set  at  such  an  angle  that 
the  line  of  the  threads  is  at  right  angles  to  the  line  of 
motion  of  the  platen,  in  order  to  give  a  direct  pull.  The 
rack  on  the  under  side  of  the  table  is  specially  cut,  so  that 
the  worm  fits  it  correctly.  It  is  claimed  that  these  spiral- 
geared  planers  are  very  smooth  in  their  action. 


SIZE  OF  PLANBR8. 

7.  Definition. — The  size  of  a  planer  is  indicated  by  the 
width  and  height  of  the  largest  piece  that  will  pass  through 
its  housings  and  the  length  of  the  longest  piece  that  can  be 
planed  on  its  table.  Thus,  a  40"  X  40"  X  10'  planer  means 
that  a  piece  40  inches  square  will  go  through  the  housings 
and  the  table  Avill  take  a  piece  10  feet  long. 

8.  Planer  Heads. — Ordinarily,  planers  are  equipped 
with  but  one  head,  but  when  specially  ordered  for  particular 
work,  two  heads  may  be  used  on  the  cross-rail,  as  shown  in 
Fig.  1.  Large  planers  are  frequently  equipped  with  four 
heads,  two  being  placed  upon  the  cross-rail,  as  shown  in 
Fig.  1,  and  the  other  two,  called  side  heads,  on  the  housings 
below  the  cross-rail.  These  side  heads  are  used  when  special 
undercuts  are  being  made,  or  when  it  is  desired  to  face  the 
sides  at  the  same  time  that  the  top  is  being  finished.  There 
are  some  other  types  of  planers  used  for  special  kinds  of 
work,  but  they  are  modifications  of  the  standard  shape 
shown  in  Fig.  1. 
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FASTENING   WORK  TO  THE    PLATEN. 


TBB  PLANER   CHCCE. 

9.  When  a  piece  is  to  be  planed,  it  must  be  securely  fast- 
ened to  the  platen  in  some 

manner.    This  operation  is 
called  setting  the  work. 

The  manner  of  holding  ' 
the  work  on  the  platen  de- 
pends on  the  shape  and 
size  of  the  work.  ,  It  may 
be  held  in  a  regular  planer 
chuck  or  vise,  by  the  use 
of  bolts  and  clamps,  by 
pins  and  jacks,  or  by  spe-  ^°-  "■ 

cial  holding  devices  designed  for  the  purpose. 

10.  Description. — Fig.  5  shows  a  common  type  of 
planer  chuck.  It  is  fastened  to  the  platen  by  bolts  that 
may  be  slipped  into  slots  at  its  sides,  one  of  rfhich  is  shown 
at  a.  The  base  of  the  chuck  is  circular,  and  is  made  in  two 
parts,  so  that  by  unclamping  the  two  bolts,  one  of  which  is 
shown  at  b,  the  other  being  at  the  opposite  side  of  the 
chuck,  the  top  part  may  be  swiveled  around  in  order  that 
the  jaws  may  be  set  at  any  angle.  The  bottom  of  the 
upper  part  is  graduated  to  degrees  for  determining  the 
angle  when  setting  the  jaws.  One  jaw  c  is  fixed;  the  other 
jaw  (f  may  be  moved  to  the  proper  position  to  hold  the  work. 
When  work  is  to  be  held  in  the  vise,  the  jaw  d  Is  moved 
against  the  work,  and  the  block  c  is  moved  against  the  rear 
of  the  jaw.  The  block  e  is  kept  from  slipping  back  by 
means  of  the  strips _/,  /,  which  drop  into  the  notches  cut  in 
the  chuck,  as  shown.  The  nuts  k,  k  in  the  jaw  d  are  now 
screwed  down,  and  it  is  tightened  against  the  work  by  means 
of  the  setscrews^,  g.     Finally,  the  nuts  k,  k  are  tightened 
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11.  Square  Planlos. — Suppose  that  a  rough  cast- 
iron  block  2^  inches  square  is  to  be  planed  square  and  true. 
If  it  is  desired  that  the  block  be  made  with  considerable 
accuracy,  it  should  be  planed  all  over  with  roughing  cuts 
before  any  finishing  cuts  are  taken.  The  work  is  put  in  a 
chuck  and  a  cut  taken  over  one  side.  After  the  work  is 
planed  on  one  side,  it  is  given  a  quarter  turn  in  the  chuck, 
and  is  then  clamped  for  planing  the  second  side.  Before 
taking  the  cut,  it  must  be  known  that  the  finished  side  of 
the  work  is  set  perpendicular  to  the  table,  so  that  the  cut  on 
the  second  side  will  be  square  with  the  one  previously  fin- 
ished. When  the  planer  chuck  is  true  and  in  good  shape, 
the  jaw  c  will  be  square  with  the  bottom  of  the  chuck,  so 
that  if  work  with  a  flat  face  be  clamped  against  it  and  a  cut 
is  taken,  the  planed  surface  will  be  square  with  the  flat  face 
in  contact  with  the  jaw. 

If  the  work  is  not  true,  care  must  be  taken  in  clamping 
it,  or  the  finished  face  will  not  be  held  squarely  against  the 
jaw.     Suppose   the  work  w  to   be   tapered,   as   shown   in 


Pio. «. 

Fig.  6.  The  face  k  of  the  work  is  finished,  but  the  face  /  is 
rough.  When  the  jaws  are  tightened  against  the  work,  the 
pressure  will  come  against  the  work  at  the  edges  of  the 
jaws,  while,  at  the  bottom,  the  jaws  will  not  touch  the  work. 
If  the  jaws  are  tightened,  they  will  remain  in  the  same  posi- 
tion relative  to  the  work,  so  that  even  though  the  face  k 
has  been  planed,  it  will  not  be  held  flat  against  the  jaw  r. 
When  a  cut  is  taken  with  the  work  thus  held,  the  latter  will 
not  be  square  with  the  finished  face.     If  it  is  found  that 
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this  condition  exists,  the  work  may  be  made  to  come  flat 
against  the  jaw  by  putting  thin  pieces  of  packing  p  (strips 
of  paper  or  tin)  between  the  jaw  d  and  the  lower  edge  of  the 
work,  as  shown.  This  will  cause  [pressure  against  the  lower 
edge  of  the  work  and  hold  it  squarely  against  the  jaw  c. 

1  2.     Instead  of  putting  the  packing  pieces/  betweeo  the 
jaw  d  and  the  work,  Fig.   6,  a  false  jaw  y  with  a  rounded 


Fig.  7. 

face,  shown  in  Fig.  7,  may  be  used.  This  rounded  face 
will  allow  the  work  to  turn  slightly  so  as  to  bring  its  finished 
face  squarely  against  the  jaw  r. 

If  no  false  jaw  is  available,  the  same  end  may  be  attained 
by  placing  a  straight  piece  of  copper  or  iron  wire  between 
the  work  and  the  movable  jaw.  The  Avire  should  be  long 
enough  to  touch  the  jaw  and  work  at  every  point  of  contact. 


Fig.  8. 

13.  Another  source  of  error  that  must  be  guarded 
against  is  caused  by  the  ja^v  d  rising  slightly  from  its  seat 
when  the  screws  i^'  are  tightened.  Fig.  8  shows,  somewhat 
exaggerated,  the  result  of  tightening  the  screws  i;-  on  the 
work  before  the  bolts  k  are  tightened  sufficiently  to  hold  the 

C.  S.     11.-4 
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jaw  d  to  its  seat.  In  this  case,  the  faces  k  and  /  of  the  work 
are  parallel,  but  the  lifting  of  the  jaw  d  will  throw  the  work 
out  of  true  with  the  jaw  r,  and  if  a  cut  is  taken  over  the 
top,  the  work  will  not  be  square. 

14.  If  the  work  projects  beyond  the  ends  of  the  vise 
jaw^  the  setting  of  the  finished  side  may  be  tested  by  put- 
ting the  stock  of  a  try  square  t  on  the  platen  and  pushing 
the  blade  against  the  finished  side  k^  as  shown  in  Fig.  9. 


Pig.  9. 

If  the  blade  is  in  contact  only  at  the  top,  or  at  the  bottom 
of  the  finished  side  k^  it  shows  that  the  piece  is  not  properly 
chucked.  In  order  to  bring  the  finished  face  square,  strips 
of  paper  or  tin  may  be  put  between  the  work  and  the  jaw  c 
at  the  top  or  bottom  of  the  jaw. 

15*  Making:  Sides  Parallel. — If  the  work  is  large 
enough  to  allow  it  to  be  set  flat  on  the  bottom  of  the  chuck, 
as  shown  in  Fig.  6,  it  will  usually  be  near  enough  true  to 
be  planed  parallel.  To  make  sure  that  the  work  is  fairly 
bedded,  that  is,  in  contact  with  the  bottom  of  the  fixed  jaw, 
it  is  well  to  put  pieces  of  paper  under  each  end  of  the  piece 
and  after  the  jaws  are  properly  tightened,  to  strike  the  top  face 
of  the  work  with  a  lead  or  Babbitt  hammer.  It  can  be  deter- 
mined by  the  sound  if  the  piece  is  down  solid  ;  also  the  pieces 
of  paper  can  be  tested  by  pulling  to  sec  if  they  are  tight. 

When  the  work  projects  beyond  the  sides  of  the  chuck, 
the  bottom  of  the  work  may  be  set  parallel  to  the  bed  by 
tapping  with  a  hammer  and  testing  by  calipering,  as  shown 
in  Fig.  10.     If  the  work  is  short  and  cannot  be  planed  on  its 
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top  face  when  set  down  on  the  bottom  of  the  vise,  it  must 
be  held  up.  To  set  it  true  so  that  the  top  face  may  be 
planed  parallel  with  the  bottom  face,  its  setting  may  be 


FIO.  10. 

tested  by  inside  calipers,  measuring  from  the  bottom  of  the 
chuck  to  the  under  finished  face,  and  adjusting  the  work  by 
tapping  it  with  a  soft  hammer  until  the  measurements  are 
the  same  at  all  points. 

16.  Use  of  Parallel  Strips. — A  much  quicker  way  is 
to  use  parallel  strips  b,  b.  Fig.  11,  under  the  work  w,  and 
set  the  work  down  on  these  strips.  Parallel  strips  are  thin 
pieces  of  cast  iron  or  steel  that  have  been  carefully  machined 
so  that,  the   opposite   faces   are   parallel  with   each  other. 


They  are  made  of  various  sizes  and  thicknesses,  to  be  used 
for  different  thicknesses  of  work,  and  are  usually  made  in 
pairs.  After  the  roughing  cut  is  taken  over  the  top  face  of 
the  work,  it  is  well  to  caliper  its  thickness  at  the  ends  to 
make  sure  that  it  is  being  planed  parallel. 

17.  Use  of  the  Surface  Gause. — Suppose  that  one 
side  of  a  tapering  piece  of  work  is  to  be  planed.  Then  a 
line  is  laid  out  and  marked  by  prick-punch  marks  to  aid  in 
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setting  the  work  correctly  in  the  vise  jaws.  For  testing  the 
setting,  a  surface  gau^e,  one  design  of  which  is  shown  at 
S  in  Fig.  12,  may  be  used.  A  surface  gauge  consists  of  a 
heavy  base  d  with  a  flat  face  that  carries  a  standard  c  of 
some  kind,  to  which  a  pointer  /  is  attached  by  a  clamping 
device  in  such  a  manner  that  it  can  be  moved  along  the 
standard  and  clamped  anywhere.     In  addition,  the  pointer 
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Fig.  12. 

can  be  swiveled  around  the  clamping  device.  In  use,  the 
pointer  />  is  adjusted  to  one  end  of  the  line  a  drawn  on  the 
work,  which  in  Fig.  12  is  shown  held  in  the  planer  chuck. 
The  base  resting  fairly  on  the  platen,  the  surface  gauge  is 
now  moved  to  the  other  end  and  it  is  noted  if  the  pointer 
coincides  again  with  the  line  a.  If  it  does  not  do  so,  the 
work  is  shifted  by  tapping  it  lightly  with  a  hammer  and 
the  testing  and  shifting  is  repeated  until  the  surface  gauge 
shows  the  line  a  to  be  parallel  to  the  platen. 

18.  When  a  number  of  tapering  pieces  are  to  be  planed, 
tapered  strips  may  be  used  in  the  vise  to  set  the  work  on, 
in  the  same  way  that  parallel  strips  are  used  to  produce 
parallel  work.  When  these  tapered  strips  are  used,  the 
work  is  bedded  fairly  on  them;  there  is  then  no  necessity  of 
setting  each  piece  separately  by  the  aid  of  a  surface  gauge. 
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19.  A  surface  gauge  may  not  only  be  used  in  setting  work 
to  a  line,  but  is  also  well  adapted  for  testing  the  parallelism  of 
surfaces  with  the  platen.  For  instance,  let  a  piece  c  having 
the  profile  shown  in  Fig.  13  be  held  in  the  chuck,  and  let  it 
be  required  to  adjust  it  so  that  its  surfaces  a  and  b  are  both 
the  same  height  above  the  platen.  Then  the  contact  point 
of  the  surface  gauge  is  placed  on  the  surface  ^,  while  the 
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Fig.  18. 

base  rests  fairly  on  the  platen;  the  surface  gauge  is  now 
placed  on  the  other  side  of  the  work  in  the  position  shown  in 
dotted  lines,  and  it  is  observed  if  the  contact  point  touches 
the  surface  a.  If  it  does  not  do  so,  the  work  is  moved  as 
required;  the  contact  point  is  readjusted,  and  the  setting  of 
a  and  b  is  tested  again.  This  operation  is  repeated  until 
the  surface  gauge  shows  a  and  b,  to  be  at  the  same  height 
above  the  platen. 

20.  Special  Jaivs. — For  some  classes  of  work,  spe- 
cial Jaivs  may  be  made  and  fastened  to  the  regular  jaws  of 
the  planer  chuck  for  holding  particular  shapes  of  work. 
But  if  many  such  pieces  are  to  be  made,  it  is  better  to  make 
a  special  jig,  or  holding  device. 

21.  Truiiifi:  the  Planer  Chuck.. — When  it  is  found 
that  the  planer  vise  is  out  of  square,  thus  causing  the  work 
to  be  held  untrue,  the  vise  should  be  trued  by  taking  a  very 
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light,  smooth  cut  over  the  jaw  r,  Fig.  5,  and  also  over  the 
bottom  of  the  jaw  on  which  the  work  rests.  Before  this 
cut  is  taken,  the  chuck  should  be  cleaned  thoroughly,  and 
care  should  be  taken  that  there  are  no  chips  or  dirt  between 
it  and  the  planer  platen. 


BOLTS  AND  CLAMPS. 

22.  Method  of  Applying. — If  the  work  is  large,  or  for 
other  reasons  cannot  be  held  in  the  ordinary  chuck,  it  may 
be  fastened  to  the  platen  by  bolts  and  damps.  T  slots 
are  cut  in  the  top  of  the  platen  to  receive  the  boltheads,  and 
holes  are  provided  for  pins  to  keep  the  work  from  slipping. 

23.  Fig.  14  shows  a  part  of  a  planer  platen  with  a  flat 
block  a  fastened  to  it  by  the  use  of  bolts  ^,  b  and  clamps  ^,  c 


Fig,  14. 

resting  on  packing-blocks  </,  d.  These  clamps  are  pieces  of 
flat  bar  iron  2  inches  by  f  inch,  or  of  similar  proportion, 
with  holes  drilled  near  the  ends  for  the  bolts  to  pass 
through.  When  applying  clamps  to  a  piece  of  work,  care 
should  be  taken  to  adjust  them  so  that  the  bolts  come  very 
near  the  work,  as  shown  in  Fig.  14;  also  that  the  packing- 
blocks  d^  d  are  the  same  height  as  the  work,  or  slightly 
higher.  Fig.  14  also  shows  how  stop-pins  e,  e  are  used  to 
prevent  the  work  from  sliding  along  the  platen  while  a  cut 
is  being  taken.  The  stop-pins  are  merely  removable  pins 
inserted  in  holes  drilled  in  the  platen. 

24.     Imagine  that  in  Fig.   14  the  piece  a  is  the    pack- 
ing-block, and  that  d  is  the  work.     Then,  with  the  bolt  b 
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(a) 


close  to  the  packing-block,  the  tightening  of  the  nut  will 
cause  the  clamp  to  grip  the  block  tightly,  while  the  work 
will  be  left  comparatively  loose.  For  this  reason,  the  bolt 
should  always  be  placed  as  close  as  possible  to  the  work. 
Now,  if  the  packing-block  is  too  low,  the  bolt  must  bend 
when  the  nut  is  tightened,  owing  to  the  clamp  sloping 
downwards.  Furthermore,  the  tendency  will  be  for  the 
clamp  to  push  the  work  away. 

This  is  shown  in  Fig.  15  (a).  It  will  be  observed  that  as 
the  nut  on  the  bolt  is  screwed  down,  the  clamp  bears  only 
against  the  edge  of  the 
work  and  the  packing-  {" 
block,  and  that  the  pres-  — ^ 
sure  is  acting  not  directly 
at  right  angles  to  the 
platen,  but  at  an  inclina- 
tion to  it.  In  conse- 
quence of  this,  there  is  a 
tendency  for  the  work  to 
slide  away  from  the 
clamp.  Since  the  clamp 
is  in  line  contact  with  the 
extreme  edge  of  the  work, 
it  is  very  likely  to  mar  the  edge  badly.  For  these  reasons, 
care  must  always  be  taken  to  make  the  packing-block 
high  enough  to  insure  a  fair  bearing  of  the  clamp  on  the 
work.  When  the  packing-block  is  just  the  same  height 
as  the  work,  and  the  clamp  is  bent  and  applied  with  its 
convex  side  downwards,  as  shown  in  Fig.  15  (^),  or  when 
the  clamp  is  so  thin  as  to  readily  bend  when  the  nut  is 
tightened,  the  same  effect  will  be  had  as  if  the  packing- 
block  were  too  low.  That  is,  there  will  be  a  tendency  to 
push  the  work  away  and  also  to  mar  the  edge.  Now,  if 
the  packing-block  is  slightly  higher  than  the  work,  the  edge 
of  the  clamp  will  be  in  contact  with  the  surface  of  the  work, 
and  any  tightening  of  the  nut  will,  by  reason  of  the  bending 
of  the  clamp,  bring  it  in  more  intimate  contact  with  the 
surface  of  the  work. 


Pig.  IB. 
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25.  Staaptts  of  Planar  Bolts.— Planer  bnlts  are  ordi- 
narily made  with  large  square  and  flat  heads;  they  are 
slipped  into  the  T  slots  in  the  platen  from  the  ends.  This 
form  of  head  is  the  strongest.  It  sometimes  occurs  in 
clamping  work  to  the  platen  that  when  heavy  work  is  set  in 
place,  it  is  desired  to  apply  a  bolt  and  clamp  to  some  part  of 
the  inside  of  the  work  without  moving  the  latter.  For  this 
purpose,  a  special  form  of  bolthead  is  used  that  allows  the 
bolt  to  be  slipped  into  the  T  slot  from  above,  instead  of 
from  the  ends.  Fig.  10  {«)  shows  such  a  bolthead;  two 
opposite  sides  are  cut  away  so  that  it  will  drop  into  the  slot. 
After  it  is  in  place,  it  is  given  a  quarter  turn,  so  that  the 
head  comes  under  the  lips  of  the  T  slot.  The  bolt  is  kept 
from  revolving  when  the  nut  is  tightened  by  the  ends  of  the 
head  coming  against  the  sides  of  the  T  slot. 

Another  method  of  applying  clamping  bolts  to  such  places 
is  by  means  of  a  T-shaped   nut,   as  shown   in  Fig.    16  (^). 


rrni 


This  nut  may  be  slipped  along  the  T  slot  and  under  the 
work  to  the  desired  place,  after  which  a  bolt  may  be  screwed 
into  it. 

26.  Bent  Clampn. — Besides  the  common  flat  clamp 
shown  at  c  in  Fig.  14.  the  bent  clamp  a  shown  In  Fig.  17  is 
often  used.  A  bent  clamp  is  convenient  when  it  is  desired 
to  keep  the  end  of  the  bolt  out  of  the  way  of  the  tool  as  it 
passes  over  the  work,  or  when  no  bolts   long  enough  for 
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a  straight  clamp  are  available.  It  is  a  rather  expensive 
clamp  to  make  and  does  not  possess  any  particular  advan- 
tages over  a  straight  clamp;  for  this  reason,  it  is  rarely  used 


Fig.  17. 

by  experienced   planer   hands,    except   for   work   where   a 
straight  clamp  will  not  answer. 

27.     When  a  number  of  pieces  of  the  same  thickness  are  to 
be  planed,  a  clamp  may  be 
made  as  shown  in  Fig.  18. 
This   clamp  has    one    end 


bent  over  at  a  right  angle;  ^■^^-■'vv;-- ■;,v:;^^«g 

the  bottom  is  cut  off  paral-  %,u::/;^^^^^^^^^^^^^^^^^^ 

lei  to  the  top,  so  that  when 

it    rests    squarely  on    the 

table,  the  top  of  the  clamp  will  be  level.     With  this  style  of 

clamp,  packing-blocks  are  unnecessary. 

28.     U    Clamps. — Fig.  19  shows  a  form  of  clamp  that  is 
very  convenient  when   it  is  desired  to  remove  the  clamp 

without  removing  the  nut  from 
the  bolt.  This  clamp  is  made 
of  square  iron  and  is  bent  into 
a  U  shape,  with  an  opening 
sufficiently  wide  to  allow  it  to 
Fio.  19.  slide  over  the  shank  of  a  bolt. 

It  will  also  be   found  convenient   on  account   of  the  fact 
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that  the  bolt  can  be  moved  along  the  clamp  in  order  to  get  the 
bolt  into  the  most  desirable  position.  Likewise,  the  clamp 
can  be  moved  to  suit  the  work  in  case  the  bolt  must  occupy 
a  certain  position.  Taking  it  all  around,  this  is  probably 
the  most  useful  form  of  clamp  for  general  work,  since  it  has 
the  widest  range  of  application.  It  is  applied  in  the  same 
manner  as  the  ordinary  flat  clamp.  Always  place  a  washer 
between  the  clamp  and  the  nut  used  for  tightening  it,  in 
order  to  have  a  fair  bearing  for  the  nut. 

29.     Finger  Clamps  With  Bolts. — It  often  occurs  that 
some  flat  face  is  to  be  finished  all  over  when  the  work  is  of 

such  a  shape  that  there  is 
no  place  to  put  the  clamps 
except  on  the  top  face.  In 
that  case,  the  work  is  often 

^., .  ■■  -;;-^^^  planed  as  far  as  the  clamps 

%,  ^: y  ■-■    /''^yyy>^y^ '^^^^^  allow;  the  clamps  are  then 

moved  to  the  planed  part 
^'^'  ^'  and  the  cut  is   continued. 

Sometimes,  however,  it  is  possible  to  drill  holes  in  the 
side  of  the  work  and  use  fln8:er  clamps,  which  save 
much  time.  Fig.  20  shows  a  side  view  of  a  piece  of  work  a 
with  a  finger  clamp  b  in  place.  The  clamp  has  one  end 
forged  or  turned  round  so  that  it  will  fit  loosely  into  the 
drilled  hole.  If  these  holes  are  drilled  into  the  solid  cast- 
ing, they  may  be  filled  after  the  work  is  finished.  The 
conditions  of  each  particular  case  will  determine  whether 
a  finger  clamp  can  be  used  or  not.  When  it  is  inadvisable 
or  objectionable  to  drill  holes  for  them,  the  work  must  be 
held  in  some  other  manner. 


PLANER  PINS. 

30.  Shape. — A  very  convenient  method  of  fastening 
work  to  the  planer  is  by  the  use  of  planer  pins,  or  screiv 
plus:a»  one  of  which  is  shown  in  Fig.  21.     One  end  a  is 
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turned  round  to  fit  the  holes  in  the  platen,  while  the  other 
is  left  square  and  tapped  for  a  steel  setscrew  b.     Fig.  %% 


Fig.  M.  FlO.  ffl. 

shows  the  same  style  of  pin  made  to  fit  in  the  T  slot  of  a 
planer  platen.    . 

31.  Method  of  UsIoK. — Fig.  23  (a)  and  (^)  shows  how 
they  may  be  used.  In  Fig.  23  (a),  planer  strip  a,  which 
has  been  previously  planed  square,  is  bolted  to  the  platen  so 
that  the  edge  against  which  the  work  bears  will  be  true  with 


the  line  of  cut.  Sometimes  two  pins  like  C,  C  are  used  in 
place  of  the  strip  a.  In  Fig.  23  {a)  the  planer  strip  a  is 
provided  with  a  tongue  that  fits  the  T  slots  and  is  bolted  to 
the  planer  platen,  while  in  Fig.  23  {b)  the  planer  strip  is 
simply  made  a  tight  fit  in  the  slot.  The  work  b  is  put 
against  the  strip,  and  two  pins  c,  c  with  setscrews  are  put  in 
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the  holes  in  the  platen  and  the  screws  set  up  against  the 
work.  The  screws  push  the  work  against  the  planer  strip. 
While  the  friction  will  be  sufficient  to  hold  the  work  against 
a  light  cut,  it  would  be  pretty  sure  to  slip  under  a  moder- 
ately heavy  one,  and  hence  stop-pins  d^  d  should  be  placed 
in  front  of  the  work  to  prevent  any  longitudinal  move- 
ment. 

32.     Toe  Doffs. — Thin  work   may  be  fastened  to  the 
platen  by  screw  pins  and  toe  dogs.     The  toe  dogs  used  for 

this    class    of    work    are 


P^ 


^mi — '"■  wr-\ — - — „ —    ^  shown  in  Fig.  24.     They 

are  usually  made  of  tool 
steel  with  one  end  flat- 
tened to  press  against  the 
work  and  the  other  cupped 
to  receive  the  end  of  the 
setscrew.  The  thin  end 
may  be  hardened,  so  that 
its  edges  a^  a  will  cut  into  the  work  and  thus  be  kept  from 
slipping.  Some  persons  prefer  a  wedge-shaped  edge,  like 
that  of  a  chisel,  on  the  flattened  end.  For  holding  work 
that  is  finished  on  its  edges,  it  is  advisable  to  make  the  toe 
dogs  of  soft  iron  to  prevent  them  from  marring  the  work. 

A  number  of  pins  and  dogs  may  be  put  on  each  side  of 
the  work.     It  may  be  seen,  by  referring  to  Fig.  25  (^),  that 


FlO.  24. 


b 
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(«) 


Fig.  SB. 


(*) 


as  the  screws  ^,  a  are  tightened,  there  is  a  tendency  to  push 
the  work  b  down  on  the  platen,  thus  holding  it  securely. 


33.     The  slant  of  toe  dogs  must  not  be  so  great  that  the 
tightening  of  the  setscrew  will  tend  to  turn  the  outer  end 
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upwards  about  the  edge  in  contact  with  the  work.  In  gen- 
eral, the  inclination  of  a  line  drawn  from  the  point  of  con- 
tact to  the  point  of  the  setscrew  should  not  exceed  10°. 

34.  Toe  dogs  are  sometimes  applied  to  work  held  in  the 
planer  vise.  They  are  then  placed  between  the  jaws  of  the 
vise  and  the  work,  so  that  the  tightening  of  the  movable 
jaw  will  press  the  work  to  the  bottom  of  the  vise.  In  some 
cases,  toe  dogs  may  be  used  in  connection  with  a  planer 
strip;  being  then  placed  on  one  side  of  the  work  only,  they 
will  push  the  work  against  the  planed  side  of  the  planer 
strip  and  down  on  the  platen  at  the  same  time. 

35.  Since  toe  dogs  do  not  hold  the  work  very  tightly  in 
the  direction  of  the  cut,  it  is  always  advisable  to  put  stop- 
pins  in  front  of  the  work  to  keep  it  from  slipping. 

A  thin  strip  or  straightedge  may  be  used  with  or  in  place 
of  toe  dogs  for  holding  work.  Fig.  25  {b)  shows  a  piece 
of  work  a  held  on  a  planer  table  by  the  straightedge  6  and 
the  toe  dogs  c.  The  straightedge  rests  against  a  planer 
strip  d  or  against  two  blocks  bolted  down  in  the  s^me 
manner.  The  piece  b  is  inclined  as  shown,  so  as  to  keep 
the  work  in  contact  with  the  table.  A  straightedge  may 
be  used  in  a  similar  manner  for  holding  work  in  a  planer 
chuck. 

36*  Clampins:  Round  Work. — If  a  shaft  is  to  have  a 
keyway  or  spline  cut  along  its  length,  it  may  be  clamped  to 
the  table  in  the  manner  shown  in  Fig.  26.     Here  the  shaft  a  is 


Fig.  26. 


held  in  one  of  the  T  slots  in  the  platen,  and  bent  clamps  d,  b 
are  applied  to  each  side.     To  keep  the  clamps  from  slipping 
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down  on  the  sides  of  the  shaft,  stop-pins  /,  /  are  put  in 
the  platen  to  hold  the  clamps  in  place.  If  one  clamp  is  made 
much  tighter  than  the  others,  there  is  a  tendency  to  spring 
the  work,  especially  if  there  are  many  clamps  along  the 
side.  The  stop-pins  may  be  made  with  an  enlarged  cylin- 
drical head  to  prevent  their  slipping  through  the  platen. 
The  shoulder  at  the  junction  of  the  head  and  shank  may  be 
beveled  slightly;  this  allows  the  point  of  a  screwdriver  or 
pinch  bar  to  be  used  for  prying  them  out  of  the  hole. 


37.  A  better  method  of  holding  long  shafts  that  are  to  be 
splined  is  to  have  a  long  planer  strip  a  bolted  to  the  platen, 
as    shown    in  Fig.  27.     This  is  beveled  as  shown  so   that 


Pig.  27. 

when  the  shaft  is  pressed  against  it  by  the  setscrew,  it  is 
held  down  firmly.  By  this  method  the  shaft  is  kept 
straight. 

To  prevent  the  points  of  the  setscrews  from  marring  the 
shaft,  a  guard  piece  b  should  be  placed  in  front  of  each  set- 
screw.  When  the  point  of  the  setscrew  is  much  higher 
than  the  axis  of  the  shaft,  it  may  be  necessary  to  put  a 
packing-block  c  between  the  lower  end  of  the  pin  and  the 
guard  strip.  The  center  of  the  setscrew  should  be  at  least 
as  high  as  the  axis  of  the  work,  or  slightly  above  it;  other- 
wise, there  will  be  a  tendency  for  the  shaft  to  rise  up  when 
the  setscrews  are  tightened.  As  the  pressure  of  the  cut  is 
considerable,  a  stop-pin  should  be  placed  in  front  of  the  shaft. 
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38.     V  Blocks.— If  a  shaft  has  different  diameters,  it 
may    not    be    possible    to 
hold  it  by  tlie  methods  de- 
scribed,     V    blocks  -may 
then  be  used  for  support- 
ing the  shaft,  as  shown  in 
Fig.    28.      A    number    of 
these    blocks    are    planed 
exactly    alike,    and 
tongues    on     the     bottom  [ 
that  fit  the  T  slots  in  the  Fio.  m. 

platen  and  insure  correct  alinement.  These  blocks  are  put 
on  the  platen  in  such  positions  that  the  parts  of  the  shaft  to 
be  supported  that  have  equal  diameters  will  rest  in  them. 


PLANER  CENTERS. 

30.  Construction  and  Usc.^ — ^Fig.  29  shows  a  set  of 
planer  centers  used  for  certain  classes  of  work,  These 
centers  are  clamped  to  the  platen ;  tongues  on  their  bottom, 
which  fit  the  T  slots,  insure  that  they  are  in  line  with  each 
other  and  with  the  line  of  motion  of  the  platen.     The  work 


Fig.  2», 

is  held  between  them  in  the  same  way  that  it  would  be  held 
between  lathe  centers.  A  dog  is  fastened  to  the  work  and  the 
tail  is  held  in  the  slot  in  the  arm  a.  Referring  to  Fig.  2il  (a), 
a  worm-wheel  d  is  shown.      This  is  rigidly  fastened  to  the 
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headstock  spindle ;  by  means  of  a  worm  engaging  the  worm- 
wheel  and  a  handle  c  fastened  to  the  worm,  the  headstock 
spindle  may  be  revolved  by  hand.  The  worm  d  is  shown 
clearly  in  the  end  view  given  at  {Jb),  By  examining  this  end 
view,  it  will  be  noticed  that  several  concentric  rows  of  holes 
are  drilled  into  the  worm-wheel,  the  holes  in  each  row  being 
spaced  equidistant.  A  movable  arm  e  is  fastened  to  the  frame 
of  the  headstock  in  such  a  manner  that  it  can  be  rigidly 
clamped.  This  arm  carries  on  one  end  a  latch  pin  /",  which 
has  a  small  cylindrical  projection  that  fits  the  holes  in  the 
worm-wheel.  By  means  of  the  holes  and  latch  pin,  quite  a 
number  of  equal  divisions  of  the  circle  may  be  obtained. 

40.     To  Find  What  Divisions  Can  Be  Obtained.— 

To  find  if  a  given  number  of  equal  divisions  can  be  obtained 
with  the  number  of  holes  in  the  various  rows,  use  the  fol- 
lowing rule: 

» 

Rule. — Divide  successively  the  nuinber  of  holes  in  each  row 
by  the  number  of  parts  into  which  a  circle  is  to  be  divided. 
If  the  quotient  is  a  ivhole  number^  the  proposed  nuinber  of, 
parts  can  be  obtained.  The  quotient  is  the  number  of  holes 
which  the  latch  pin  must  be  advanced.  Never  count  the  hole 
the  latch  pin  is  in  when  starting  to  make  a  chafige. 

Example. — There  being  72,  64,  and  56  holes  in  the  three  rows  on 
the  worm-wheel,  can  a  circle  be  divided  into  14  parts  ? 

Solution. — Dividing  72  by  14,  we  get  5^  as  the  quotient.  As  this 
is  not  an  integral  (whole)  number,  try  the  row  having  64  holes.  Divi- 
ding 64  by  14  we  get  4y'j(-  as  the  quotient.  Since  this  is  not  a  whole 
number,  try  the  last  row.  Dividing  56  by  14,  we  get  4  as  the  quotient, 
which  is  a  whole  number.  This  shows  that,  by  moving  the  worm- 
wheel  4  holes  at  a  time  in  the  row  having  56  holes,  we  can  obtain 
14  equal  divisions.     Ans. 


ANGLB  PLATBS. 

41.  How  Angle  Plates  Are  Used. — For  some  classes 
of  work,  an  angle  plate,  shown  at  a  in  Fig.  30,  is  very 
convenient.     This  angle  plate   is   planed  so  that  the  two 
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outer  surfaces  make  an  angle  of  ^'^  with  each  other.  When 
used,  one  face  is  bolted  to  the  platen,  as  shown  in  the  illus- 
tration, and  the  work  is  bolted  to  the  side  of  the  angle  plate. 


Pig.  80. 

When  one  side  of  a  piece  of  work  has  been  finished  and  an- 
other side  is  to  be  finished  square  with  it,  the  work  is  bolted 
with  its  finished  surface  against  the  angle  plate  by  bolts  and 
clamps,  used  in  the  same  way  as  when  fastening  work  to  the 
platen. 

42.  The  angle  plate  is  especially  adapted  to  work  where 
the  surface  opposite  the  side  to  be  finished  has  such  a  shape 
that  it  cannot  be  conveniently  bolted  directly  to  the  platen, 
as  occurs,  for  instance,  in  the  piece  shown  in  the  figure.  It 
will  be  seen  that  the  under  side  is  a  cirrved  surface. 

43.  Planer  Jacks. — When  the  work  projects  a  con- 
siderable distance  from  the  angle  plate,  it  should  be  sup- 
ported near  the  free  end  in  order  to  prevent  it  from  springing 
away  from  the  cut.  Planer  Jacks  are  very  convenient 
for  this  purpose;  one  of  these  is  shown  applied  at  b  in 
Fig.  30. 

44.  One  form  of  a  planer  jack  is  shown  in  Fig.  31. 
It   consists   of   a   base  a  tapped    to   receive   the   screw  b^ 
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through  the  head  of  which  two  holes  are  drilled  at  right 
angles  with  each  other,  to  admit 
the  adjusting  pin  shown.     A  cap 

,  €   is  attached   to  the  head  by  a 

ball-and-socket  joint,  to  allow  the 
cap  to  adjust  itself  to  any  sh'ght 
inclination  of  the  surface  to  which 
it  is  applied.  The  cap  may  be 
checkered,  as  shown,  in  order  to 
prevent  it  from  slipping.  These 
jacks  may  be  made  in  various 
Pia.  n.  heights  to  suit  conditions. 

4S.  To  Keep  Work  Prom  Slipping:. — Under  a 
heavy  cut  there  is  danger,  where  two  planed  surfaces  are 
placed  together,  that  the  work  will  slip.  This  danger  may 
be  lessened  by  placing  a  piece  of  paper  between  the  sur- 
faces before  clamping. 


CLAMPING  BT  GLUING. 

46.  Very  thin  and  flat  work  that  is  to  be  planed  all 
over  its  top  surface  cannot  be  held  very  readily  by  toe 
dogs.  If  straight  clamps  are  put  on  top,  they  must  be 
shifted  after  part  of  the  surface  has  been  planed.  In 
many  cases,  however,  such  work  may  be  held  without  any 
clamps  at  all  by  a  method  that  for  want  of  a  better 
name  may  be  called  K'ulntc.  The  edges  of  the  work,  and 
the  platen  right  around  the  edges  of  the  work,  are  care- 
fully cleaned  and  made  fairly  bright  with  coarse  emery 
cloth.  Melted  rosin  is  then  applied  around  the  edges; 
this,  if  the  surfaces  to  which  it  is  applied  are  absolutely 
free  from  grease,  will  stick  surprisingly  well  to  them,  and 
will  offer  enough  resistance  to  hold  the  work  securely 
against  a  light  cut.  Melted  shellac,  sealing  wax,  or  pitch 
may  be  used  instead  of  the  rosin;  the  rosin  is  usually 
easier  to  obtain  and  is  cheaper.  This  method  of  fastening 
obviates  any  danger  of  springing  the  work  in  clamping. 
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BPRING    OP  THB  ^ITORK  IN  CLAMPING. 

47«  Flat  Bearloffs. — So  far  it  has  been  assumed  that 
the  face  of  the  work  is  true,  so  that  it  has  a  large  flat  sur- 
face bearing  against  the  jaw  of  the  chuck  or  on  the  planer 
platen.  Such,  however,  is  seldom  the  case.  When  the 
casting  or  forging  is  first  put  on  the  platen,  it  rarely  touches 
in  more  than  three  points,  and  when  the  rough  piece  is  cor- 
rectly set  for  the  cut,  probably  not  more  than  one  point 
actually  touches  the  platen,  the  other  points  being  supported 
by  packing  or  blocking. 

48.  Packlngr  Under  the  "Work. — ^When  a  clamp  is 
used,  there  should  be  a  support  under  the  work  at  that 
point  to  prevent  springing  it.  Suppose  the  piece  shown  in 
Fig.  32  is  to  be  clamped  to  the  platen.  The  piece  is  crooked 
on  the  bottom,  so  that  it  touches  only  at  the  points  <?  and^. 
If  clamps  be  applied  at  the  ends  of  the  work  and  then  tight- 
ened, the  work  will  spring  down  af  the  ends,  bending  around 
its  points  of  support  a  and  b.     If  a  cut  is  taken  over  the 
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Fig.  82. 


work  while  it  is  thus  sprung,  it  will  be  found  upon  releasing 
the  clamps  that  it  will  spring  back  nearly  to  its  original 
shape,  and,  hence,  the  planed  part  will  no  longer  be  straight. 
When  clamping  work  that  does  not  touch  the  platen  directly 
under  the  clamp,  a  blocking  piece  or  packing  piece  should 
be  put  under  the  work  at  that  point,  so  that  when  the 
clamp  is  tightened,  the  end  cannot  spring  down.  Paper  or 
sheet  iron  is  often  used  for  packing.  In  many  cases,  a  thin 
iron  or  copper  wedge  is  found  convenient  for  packing  up 
and  also  for  setting  the  work. 
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CARB  IN  SETTING  THB  WORK. 

49.  Position  on  the  Bed. — When  a  large  piece  is  to 
be  planed  or  finished  on  a  number  of  surfaces,  it  should  be 
so  set  that  all  the  surfaces  can  be  finished  in  their  proper 
relation  to  each  other.  The  work  should  be  laid  out  by 
drawing  lines  on  the  various  surfaces  to  indicate  the  amount 
of  metal  that  is  to  be  removed.  The  work  is  then  set  to 
these  lines  so  that  all  the  surfaces  can  readily  be  worked 
upon. 

Suppose  a  lathe  bed  is  to  be  planed.  In  this  case,  the 
top  and  bottom  parts  should  be  planed  parallel.  It  may  be 
found  that  the  bed  is  considerably  warped  and  twisted 
After  the  bed  is  put  on  the  planer,  it  is  leveled  up  by  the 
use  of  shims,  or  wedges,  under  the  ends  and  sides  until 
it  has  a  fair  bearing.  For  testing  the  top  face  of  the 
bed,  or  the  face  about  to  be  planed,  the  surface  gauge  may 
be  used  at  the  end  and  along  the  sides  to  see  that  the  work 
averages  the  same  height.  When  the  work  is  adjusted  with 
the  wedges  and  packing  so  that  the  top  face  appears  about 
level,  the  clamps  are  applied,  care  being  taken  that  they  are 
over  the  packing  pieces. 

50.  Resetting:. — If  a  piece  has  been  planed  true  and 
is  turned  over  on  the  platen,  it  may  be  found  that  it  does 
not  remain  true  but  is  slightly  warped,  so  that  there  is  a 
slight  amount  of  rocking  motion  when  the  work  rests  on  the 
platen.  In  such  cases,  the  piece  should  be  supported  on 
thin  pieces  of  paper  at  the  four  corners.  It  will  be  found  by 
pulling  the  pieces  of  paper  that  two  are  tight  and  two  are 
loose.  More  paper  should  be  put  under  the  loose  corners 
until  the  papers  at  the  four  corners  are  all  pinched  with  the 
same  pressure.  When  care  is  used,  it  is  possible  to  give  a 
very  even  bearing. 

Sl»  Use  of  a  Level. — When  a  surface  that  has  been 
removed  from  the  platen  after  planing  is  to  be  set  again,  it 
may  be  set  level  and  tested  by  the  use  of  the  surface  gauge. 
The  work  is  often  of  such  shape  that  the  surface  gauge 
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cannot  be  used.  In  such  cases,  a  spirit  level  may  be  employed. 
When  the  level  is  used  for  setting  work,  the  platen  should 
first  be  tested  with  it  to  see  that  the  platen  itself  is  level. 
Planers  should  be  set  so  that  the  platen  is  level  in  the  direc- 
tion of  its  length  and  width.  If  the  platen  is  set  level,  the 
work  may  be  set  by  the  use  of  the  level. 

When  the  level  is  not  at  hand,  or  cannot  be  used,  a  tool 
may  be  clamped  in  the  head  and  adjusted  so  as  to  almost 
touch  the  work  at  one  corner.  The  work  can  then  be  moved 
under  the  tool  by  moving  the  machine,  preferably  by  hand, 
and  if  there  is  any  unevenness  in  height,  it  will  be  apparent. 


SPECIAL  JIGS  FOR  HOLDING  WORK. 

52.  When  there  are  a  number  of  pieces  to  be  finished,  it 
is  generally  preferable  to  make  a  special  Jig  for  holding  the 
work.  *  By  doing  this,  much  time  m^y  be  saved.  In  devi- 
sing special  jigs  for  holding  work,  the  aim  should  be  to  hold 
the  work  securely  and  accurately,  and  at  the  same  time  to 
have  the  jig  so  simple  that  the  work  may  be  changed  quickly 
and  easily. 

53*  Planing  a  Number  of  Pieces  at  Once. — Much 
time  can  often  be  saved  by  setting  a  number  of  pieces  on 
the  platen  so  that  they  will  all  be  planed  at  the  same  time. 
This  is  especially  true  when  much  time  is  required  to  adjust 
the  tool  to'  the  cut.  After  it  is  adjusted  to  one  piece  of 
work,  the  tool  runs  the  whole  length  of  the  table,  cutting 
each  piece  of  work  to  the  desired  shape. 

Fig.  33  shows  very  clearly  how  a  number  of  pieces  may 
be  set  on  the  platen  at  the  same  time  and  a  number  of  cuts 
taken  over  all  of  them.  In  this  case,  eleven  pump  frames 
with  cylinders  cast  on  their  ends  are  so  arranged  that  they 
may  all  be  planed  at  the  same  time.  Each  casting  is  care- 
fully set  and  clamped  in  place,  care  being  taken  in  setting 
that  the  space  between  them  is  as  small  as  possible.  The 
planer  used  has  four  heads.     The  two  heads  on  the  cross-rail 
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work  on  the  top  of  the  cylinders,  planing  the  valve  seats  and 
the  joint  for  the  steam  and  water  chests.  On  either  side, 
a  head  is  used  for  squaring  down  the  end  for  the  cylinder 
heads.     All  the  feeds  in  this  case  are  automatic. 


54.      Special   Jacks  or   Braces  for   Hitch  ^oric. — 

Fig.  ;t4  shows  two  large  pillow-blocks  for  a  steam  engine 
supported  on  the  planer  while  a  cut  is  being  taken  off  their 
bottom  faces.  The  pieces,  being  quite  high  and  having 
narrow  bases,  have  a  tendency  to  tip  when  a  heavy  cut  is 
being  taken.  To  avoid  this,  after  the  work  is  set,  the 
special  planer  Jacks  shown  at  a  are  employed.  This 
particular  form  of  jack  is  very  convenient  for  this  and  simi- 
lar classes  of  work.  By  placing  the  end  6  of  the  jack  a  in 
one  of  the  holes  in  the  planer  platen  and  swinging  the  other 
end  c  into  some  angle  of  the  casting,  then  by  turning  the 
nut  /i  the  jaw  c  is  forced  out  against  the  casting.  By 
placing  two  jacks  under  the  end  of  a  large  casting  in  the 
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manner  shown  in  Fig.  34,  a  combined  s 
cing  action  is  obtained  from  the  jacks. 


ipporting  and  bra- 


Fig.  35  shows  two  views  of  the  special  planer  jack  used 
for  high  work  as  shown  at  a  of  Fig.  3i. 

The  piece  a  is  a  plain  yoke  with  a  pin  on  one  end,  the 
piece  £  is  an  eye  with  a  pin  on  one  end  the  same  size  as  the 
one  on  a,  and  the  piece  ^  is  a  bolt  that  fastens  a  and  c 
together,  allowing  them  to  swing  freely. 


lit 


The  jaw  g  is  made  V-shaped  and  has  a  screw-thread  shank 
8  inches  to  13  inches  in  length.     The  nut  /  is  screwed  on 
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the  shank  of  g  and  a  washer  c  is  sometimes  used  next  the 
nut  for  the  nut  to  turn  against.  The  piece  d  is  simply  a 
piece  of  gas  pipe  and  may  be  of  any  desired  length.  The 
pieces  a^  b^  and  c  are  picked  up  and  the  pin  on  either  a  ox  c 
put  into  a  hole  in  the  planer  platen.  Then  the  gas  pipe  is 
put  on  the  other  pin  and  the  screw  g  is  slipped  into  the  other 
end  of  the  gas  pipe.  The  whole  jack  is  then  turned  to  the 
desired  position  and  tightened  by  the  nut  /  until  the  work 
is  properly  supported. 

55.  Example  of  Clamping:  Heavy  Work. — Pig.  36 
shows  a  piece  of  work  that,  because  of  its  peculiar  shape 
and  great  weight,  is  difficult  to  hold  on  the  platen  with- 
out some  special  device.  The  two  pieces  shown  are  the 
two  parts  of  the  frame  that  supports  the  cylinder  of  a  ver- 
tical engine.  A  yoke  a  is  here  used  to  support  the  upper 
ends  of  the  frames.  This  yoke  is  bolted  to  the  platen  and 
the  end  of  the  casting  rests  in  it.  The  flange  on  the  casting 
keeps  it  from  slipping  down,  while  setscrews  b  at  the  side  of 
the  yoke  are  used  for  adjusting  the  work.  The  lower  end  of 
the  casting  overhangs  the  table.  It  is  kept  from  slipping 
along  the  platen,  when  a  cut  is  being  taken,  by  the  use  of  a 
heavy  bar  c^  which  is  bolted  to  the  platen.  A  setscrew  d  in 
the  end  of  the  bar  is  used  to  make  slight  adjustments  when 
setting  the  work  true.  Planer  jacks  e^  e  are  also  used  to 
keep  the  work  from  slipping  and  tipping.  The  clamps  for 
holding  the  work  down  are  shown  at  /and^.  When  such 
heavy  work  as  this  is  securely  braced  and  rests  fairly  on  a 
special  fixture  or  special  holding  device,  its  weight  helps  to 
hold  it  down,  so  that  very  heavy  clamps  are  not  necessary. 
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PLANER  TOOLS. 

1.     Cutting:  Principle. — In  the  case  of  planer  tools 

the  principles  underlying  the  cutting  operations  do  not  differ 
materially  from  those  of  lathe  tools,  with  the  exception  of 
the  fact  that  planer  tools  always  work  on  a  flat  surface  and 
hence  the  angle  of  front  rake  or  clearance  cannot  be  varied 
by  changing  the  position  of  the  tool.  The  shape  of  planer 
tools  varies  somewhat  and  is  determined  by  the  kind  of 
metal  to  be  cut,  the  hardness  of  the  metal,  and  whether  the 
cut  being  taken  is  a  roughing  or  finishing  cut. 

2«  Angles  of  Rake  and  Clearance. — A  common 
form  of  forged  planer  tool  is  shown  in  Fig.  1  (a)  and  {b).  If 
through  the  point  o  of  the  tool  a  line  ad  be  drawn  perpen- 
dicular to  the  surface  of  the  work  and  a  line  cd  parallel  to 
the  surface  of  the  work,  the  angle  do/ will  be  the  angle  of 
clearance,  or  front  rake.  In  this  case  the  line  a  b  coin- 
cides with  the  top  face  of  the  tool,  henc6  the  tool  has  no  top 
front  rake.  In  Fig.  1  {b)  the  bottom  of  the  tool  is  shown. 
The  line  gh  is  drawn  at  right  angles  to  the  line  of  motion  of 
the  planer  platen,  and  the  line  k  i  is  drawn  along  the  front 
face  of  the  tool.  The  angle  hviis  the  angle  of  side  rake. 
It  will  be  seen  that  the  angle  of  front  rake  cannot  be  varied. 
The  angle  of  side  rake,  also,  depends  on  the  grinding  of  the 
tool  and  in  most  forms  of  tools  cannot  be  varied,  by  setting. 
Hence  the  planer  tool  always  has  a  constant  angle  of  clear- 
ance  and   a   constant  angle   of   keenness   that   cannot   be 
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varied  by  changing  the  position  of  the  tool  in  relation  to  the 
work.     In  the  case  of  some  tools  having  a  curved  cutting 

edge,  it  is  possible  to  vary  the  angle  of  side 
rake  slightly  by  changing  the  position  of  the 
tool.  The  position  of  the  planer  tool  rela- 
tive to  the  work  corresponds  to  that  of  a 
lathe  tool  when  the  point  is  set  level  with 
the  center.  Tools  for  planer  work  are 
forged  with  from  three  to  five  degrees  of 
clearance. 

The  keenness  of  a  planer  tool  depends 
largely  on  the  angles  of  top  front  rake  and 
top  side  rake.  The  strength  of  a  planer 
tool  depends  on  its  angle  of  clearance  and 
the  angle  of  top  rake. 


3.  Forged  Rouffhlnff  Tools. — Ordi- 
narily rouffhins:  tools  for  planer  work  are 
of  the  form  shown  in  Fig.   1,  though  for 

/I    ^^  heavy  roughing  a  tool  of  the  form  shown 

i  in  Fig.  2  is  frequently  employed.     In  this 

^'°'  ^'  tool  it  will  be  noticed  that  the  cutting  edge 

has  been  formed  by  upsetting  the  end  of  the  tool  so  as  to 
bring  the  cutting  edge  above  the  upper  surface  of  the  shank 
of  the  tool  and  the  metal  has  not  been  cut  away  or  reduced 
back  of  the  cutting  edge,  as  in  the  tool  shown  in  Fig.  1; 
this  results  in  a  very  much  stiffer  tool.  The  amount  of 
rake,  or  clearance,  given  to  these  tools  depends  on  the  hard- 
ness of  the  metal  to  be  cut  and  also,  to  some  extent,  on  the 
depth  of  the  cut.  In  the  tool  shown  in  Fig.  2,  the  cutting  is 
done  entirely  along 
the  edge  A  B,  while 
the  back  tdge  CD 
coincides  very  nearly 
with  the  shank.  This 
form  of  tool  will  turn 
a  chip  up  and-  away  from  the  surface  of  the  work;  it  will 
also   produce  a   nearly  flat  chip,  which   is   easier  to  bend 
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Fig.  8. 
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than  a  curved  chip.  The  objections  to  the  form  of  tool 
shown  in  Fig.  1  are  that  the  surface  being  cut  is  a  curve  and 
hence  the  chip  will  not  roll  away  from  the  tool  as  freely  and 
also  the  stock  back  of  the  cutting  edge  is  so  reduced  that  the 
tool  loses  much  of  its  stiffness. 

4.  For  very  heavy  roughing  work  a  form  of  tool  known 
as  the  clam-shell  tool  is  frequently  used.  This  is  shown 
in  Fig.  3.     It  will  be  seen  that  the  cutting 

edge  of  this  tool  is  very  much  like  that  of 

the  tool  shown  in  Fig.  1  (a).    The  cutting  is 

done  along  the  outer  curved  edge.    The  tool 

is  forged  like  an  ordinary  straight-side  tool 

and  is  then  bent  to  the  desired  curve.      The 

principal  advantage  that  this  tool  possesses 

is  that   it  requires  less  work  in  grinding, 

owing  to  the  fact  that  there  is  a  smaller  pjo->- 

surface  of  metal  to  be  ground  away  on  the  upper  face  of  the 

tool   to  produce  a  sharp  cutting  edge;  also  it  is  easier  to 

draw  the  cutting  edge  above  the  face  of  the  tool  than  it  is  to 

upset  the  whole  end  of  the  tool,  as  in  the  case  of  the  form 

shown  in  Fig.  3.     The  cutting  edge  may  be  made  practically 

straight,  as  in  the  tool  shown  in  Fig.  2. 

5.  Forged  Finishing  Tools. — For  finishing  cuts  on 

cast  iron,  a  broad  square-nosed  tool  of 
the  form  shown  in  Fig.  i  is  used  for 
surfacing;  this  tool  is  given  a  little  top 
front  rake.  For  finishing  wrought  iron 
and  steel,  a  similar  tool  having  a  much 
narrower  point  is  frequently  used.  Some- 
times for  finishing  wrought  iron  or  steel 
a  tool  similar  to  that  shown  in  Fig.  1 
is  used,  in  which  case  the  curve  at  o  is 
made  much  flatter  and  at  times  the 
point  of  the  tool  is  ground  perfectly 
Fig.  4.  f\.^i  fyj.  one-eighth   inch  or  so,   blending 

into   a   curve   at   each   side. 
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6.  For  finishing  side  cuts,  the  side  tool  is  employed; 
one  for  heavy  work  is  shown  in  Fig.  5  (a).  The  tool 
is  forged  thin  along  its  cutting  edge  A  B  and  tapers  so 
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that  it  is  thick  at  the  back,  to  give  it  strength;  the  cut- 
ting face  c  is  ground  thin  and  is  given  enough  clearance  so 
that  the  tool  can  be  made  to  cut  al6ng  its  entire  edge.  The 
cutting  edge  A  ^slopes  back  from  the  shank  of  the  tool  so  as 
to  give  a  shearing  cut ;  this  is  advantageous  on  account  of  the 
fact  that  it  gives  less  shock  when  entering  or  leaving  the 
cut,  as  the  cutting  starts  near  the  corner  B  and  the  force 
necessary  to  move  the  tool  gradually  increases  until  a  full 
cut  is  being  taken.  At  the  end  of  the  stroke  the  tool 
gradually  runs  out  of  the  cut  with  the  same  ease.  Another 
advantage  of  the  sloping  edge  is  that  the  shearing  action  of 
the  cut  tends  to  push  the  work  down  on  the  platen  and  thus 
reduce  the  liability  of  the  work  from  slipping. 

Sometimes  it  is  necessary  to  finish  a  side  cut  up  to  a 
shoulder,  in  which  case  a  tool  of  the  form  shown  in  Fig.  5  (tf) 
cannot.be  used,  owing  to  the  form  of  the  cutting  edge  A  B, 
For  such  work,  a  tool  of  the  form  shown  in  Fig.  5  (b)  is 
employed,  in  which  case  the  cutting  edge  is  parallel  to  the 
shank  of  the  tool  and  the  general  form  of  the  tool  is  very 
similar  to  the  side  tool  used  in  lathe  work,  keenness  being 
gained  entirely  by  front  and  top  rake. 

1.  Tool  holders,  of  which  many  forms  are  used  in 
planer  work,  are  especially  serviceable  on  account  of  the 
fact  that  the  inserted  blades  used  in  them  require  a  much 
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smaller  amount  of  steel  than  would   be  necessary  if   the 
entire  tool  were  of  the  forged  type.     Self-hardening  steel 
gives  excellent  results  on  planer  work,  espe- 
cially for   roughing   cuts,    and   self-hardening 
steel  tools  are  very  largely  used   in  the  tool 
holders.     Any  tool  holder  -intended  for  use  in 
the  planer  should  have  a  very  stiff  shank  and 
should  be  so  arranged  as  to  hold  the  cutter,  or 
blade,   firmly  and  support  it  close  to  the  cut- 
ting edge.     A  common  form  is  shown  in  Fig.  6. 
With  this  style  of  holder  the  blade  may  be  set 
in  line  with  the  shank  for  flat  surfaces,  or  it 
may  be  turned  to  either  side  for  right-hand  or 
left-hand  cutting.     In  some  cases  it  is  well  to 
reverse  the  tool  so  that  the  shank  travels  in 
advance  of  the  blade;  this  is  done  to  avoid  the 
danger  of  the  tool's  springing  into  the  work,  or         ^"'-  '■ 
chattering,  which  is  liable  to  occur  when  the  cutting  edge  is 
far  in  advance  of  the  point  of  support 
or  when  cutting  a  broad  surface.    This 
matter  will  be  taken  up  more  f  uUy  under 
the  heading,  "Spring  of  Planer  Tools. " 

8.  Gang  Planer  Tools. — Where 
only  a  single  planer  tool  is  used,  it  is 
sometimes  impossible  to  increase  the 
feed  greatly  without  bringing  an  exces- 
sive strain  upon  the  tool  and  planer 
head;  besides,  an  excessive  feed  results 
in  a  rough  surface  and  in  badly  breaking 
off  the  edge  of  the  work  where  the  cut 
runs  out.  It  is  mainly  to  increase  the 
capacity  of  planers  that  multiple-head 
planers  have  been  brought  out,  and  in 
large  work  it  is  no  uncommon  thing  to 
''"*■  '■  see  two  tools  in  heads  upon  the  cross- 

rail  and  one  tool  on  each  housing  operating  on  the  casting 
at  the  same  time.     Many  pieces  of  work  are  of  such  a  form 


6 


PLANER  WORK. 


§» 


that  it  is  impossible  to  get  two  heads  over  them  at  the 
same  time  and  yet  it  would  be  advantageous  if  a  heavier 
feed  could  be  used.  To  meet  these  requirements,  the 
ffuns  planer  tool,  one  form  of  which  is  shown  in 
Fig.  7,  has  been  brought  out.  This  consists  of  an  ordi- 
nary shank  a  to  which  an  adjustable  head  b  is  attached. 
This  head  is  pivoted  on  a  pin  opposite  the  center  of 
the  shank  a  and  can  be  adjusted  by  means  of  clamp 
screws  c  so  that  the  cutting  edges  d  of  the  tools  stand 
only  slightly  in  advance  of  each  other,  or  so  that  each  tool 
will  take  a  considerable  cut.  The  tools  e  are  all  ground  to 
a  gauge  and  are  brought  into  their  proper  position  in  the 
head  by  clamping  the  shank  a  in'the  tool  block  and  allowing 
the  points  of  the  tools  e  to  rest  upon  the  platen,  after  which 
they  are  secured  in  place  by  the  setscrews  f.  The  resistance 
offered  by  a  cut  varies,  probably,  at  least  as  the  square  of  the 
thickness  of  the  chip,  and  as  a  consequence  a  cut  giving  a  chip 

\  inch  thick  would,  theo- 
retically, offer  sixteen  times 
the  resistance  offered  by  a 
chip  -jij  inch  thick.  From 
this  it  will  be  seen  that  by 
using  the  multiple-tool  head 
it  is  possible  to  take  heavy  roughing  cuts,  using  an  apparently 
very  coarse  feed,  and  at  the  same  time  have  the  chips  cut  thin 
by  the  individual  tools.  Fig.  8  shows  the  way  in  which  the 
four  tools  of  the  gang  divide  up  the  cut  between  them. 

9.  Spring  of  Planer  Tools. — Owing  to  the  fact  that 
the  cutting  edge  of  a  planer  tool  is  usually  in  advance  of  the 
point  of  support,  there  is  more  or  less  of  a  tendency  for 
the  tool  to  spring  into  the  work.  .  This  is  well  illustrated  in 
Fig.  9,  where  the  tool  bends  about  the  point  a^  the  point  of 
the  tool  following  the  arc  A  B,  It  will  be  noticed  that  this 
arc  cuts  deeply  into  the  work.  In  the  form  of  tool  shown, 
the  cutting  edge  is  considerably  in  advance  of  the  point  of 
support,  hence  the  tendency  to  spring  in  is  very  great ;  but 
this  tendency  becomes  less  as  the  cutting  edge  is  brought 
more  nearly  beneath  the  point  of  support.  ■  If  the  cutting 
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edge  is  carried  back  of  the  point  of  support,  the  tool  will 
have  a  tendency  to  spring  away  from,  or  out  of,  the  work; 
when  in  this  position  it  is  called  an  uaderhuoE  tool.    Such 


a  tool  is  shown  in  Pig,  10,  where,  however,  it  is  only  carried 
back  of  a  plane  passing  through  the  point  a.     If  the  tool 


head  is  loose  on  the  cross-rail  or  there  is  any  spring  in  the 
cross-rail,  the  whole  too!  head  may  tend  to  rotate  about  the 
point  b,  in  which  case  the  tool  will  swing  into  the  work  along 

C.S.    //.-6 
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the  arc  EF\  if  the  head  is  perfectly  rigid,  the  point  of  the 
tool  will  move  along  the  arc  A  B,  and  hence  Will  not  tend  to 
enter  deeper  into  the  work.  Sometimes,  in  order  to  still 
further  reduce  the  tendency  of  the  too!  to'  enter  the  work, 
the  edge  is  carried  well  back,  or  underhung,  as  shown  in 
Fig.  11.     In  this  case  rotation  about  the  points  aor  c  would 
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carry  the  point  of  the  tool  along  the  arcs  A  B  and  CD,  both 
of  which  would  tend  to  lift  it  out  of  the  work.  Also  rota- 
tion about  the  point  b  would  only  tend  to  carry  the  point  of 
the  tool  into  the  work  very  slightly.  Of  course  the  point  b 
cannot  be  determined  definitely,  as  can  the  points  a  and  c, 
and  depends  on  the  style  of  the  cross-rail  and  the  fit  of  the 
head  upon  it,  but  in  a  good  stiff  planer  there  should  be  little 
or  no  tendency  to  motion  from  this  cause. 

lO.  Special  Forms  of  FlnlstalnK  Tools. — Broad- 
nosed  or  special  flnlshlne  tools,  if  forged  from  solid  stock, 
are  very  expensive.  On  this  account  various  forms  of  spe- 
cial tools,  in  which  the  cutting  edges  are  formed  on  small 
pieces  of  steel  bolted  or  clamped  to  a  holder,  are  often  used. 
Fig.  13  shows  three  tools  of  this  class.  The  one  shown  at 
Fig.  12  {(/)  is  intended  for  finishing  very  broad  surfaces. 
The  steel  tool  a  is  clamped  to  the  shank  d  by  two  capscrews* 
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The  cutting  is  done  by  the  edge  ^c.  The  tool  shown  at 
Fig.  13  (d)  is  intended  for  finishing  a  narrower  flat  surface, 
having  a  square  corner.  The  cutting  is  done  along  the  edge 
6c  and  the  steel  tool  a  is  made  square  with  the  four  cutting 
edges,  so  that  any  one  of  them  can  be  brought  into  the  posi- 
tion ic.  The  tool  shown  at  Fig.  12  (c)  is  intended  for  fin- 
ishing a  fillet  of  large  radius.     The  cutter  a  is  circular  in 


form,  the  cutting  being  done  along  the  edge  ic.  The  cut- 
ter a  can  be  rotated  on  the  clamping  bolt  and  clamped  in 
any  desired  position,  so  that  all  parts  of  the  edge  can  be  used 
before  sharpening.  All  these  special  tools  are  underhung, 
that  is,  the  steel  tool  proper  is  clamped  to  the  back  side  of 
the  shank.  Cutters  or  blades  having  an  irregular  outline 
may  also  be  used  on  shanks  similar  to  those  shown  in  Fig.  12. 


PLANER  OPERATIONS. 

TAKING    A   CUT. 

PLANE  BURFACINO. 

1 1,     Clamping  the  Tool. — When  taking  a  cut  over  a 

plane  surface,  the  tool  should  be  rigidly  clamped  to  the 
tool  block,  so  that  the  cutting  edge  projects  as  little  beyond 
the  tool  block  as  is  necessary  to  insure  rigidity  of  the  work. 
The  cross-rail  should  be  adjusted  as  close  to  the  work  as 
practicable,  and  should  be  clamped  rigidly  to  the  housings. 
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The  tool  is  adjusted  by  means  of  the  down-feed  handle  so 
that  it  will  take  the  desired  depth  of  cut.  Care  should  be 
taken  to  see  that  all  parts  of  the  planer  are  so  adjusted  that 
there  is  no  lost  motion.  The  screws  in  the  gibs  of  the 
down-feed  slide  should  be  tightened  so  that  the  head  can  be 
fed  up  and  down  with  no  shake  or  lost  motion,  and  the  gibs 
fitting  the  cross-rail  of  the  planer  should  also  be  tightened  so 
that  the  planer  head  can  be  fed  along  the  crosshead  freely, 
but  without  any  lost  motion.  Usually  at  the  beginning  of  a 
cut  the  too!  is  fed  to  the  work  by  operating  the  feed-screw  by 
hand.  After  the  cut  is  started  the  automatic  feed  is  thrown  in. 

12.  Action  of  the  Feed-Motion. — The  feed-motion 
is  operated  by  the  rack  u.  Fig.  13,  at  the 
side  of  the  housing,  which  is  connected 
I  with  the  feed-disk  at  its  lower  end  by  a 
connecting-rod.  This  connecting-rod  is 
pivoted  to  a  block  that  slides  in  a  slot  cut 
in  the  disk;  the  block  is  operated  by  a 
screw  handle.  For  each  stroke  of  the 
planer,  the  disk  makes  a  partial  turn,  and 
the  rack  will  be  alternately  moved  up  and 
down.  When  the  block  in  the  disk  is 
moved  to  the  end  of  the  slot,  the  rack 
will  have  its  greatest  travel.  Asthe  block 
is  moved  toward  the  center  of  the  disk, 
the  amount  of  throw  decreases  until  the 
block  reaches  the  center,  where  it  is  zero. 
The  amount  of  throw  and  the  movement 
of  the  rack  determine  the  rate  of  feed. 

13.     Details  of   Feed-Motion.— A 

top  and  side  view  of  the  feed-motion  at 
the  end  of  the  cross-rail  of  the  planer 
are  shown  in  Fig.  13,  The  teeth  of  the 
rack  u  engage  the  teeth  of  the  gear  v. 
The  gear  v  is  attached  to  the  shaft  7C, 
which  is  fr<;c  to  turn  in  its  bearing  and 
carries   the   gear  /  and   ratchet  wheel   .»-.      The  gear  /  is 
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loose  on  the  shaft  w,  while  the  ratchet  x  is  keyed  fast 
to  the  shaft.  On  the  outside  of  the  gear  /  is  a  pawl  y 
that  engages  the  ratchet  wheel  x.  The  gear  /  meshes 
with  the  gear  s  on  the  feed-screw.  When  the  rack 
is  moved  down  in  the  direction  of  the  arrow  the  gear  v 
revolves,  carrying  with  it  the  ratchet  wheel  x.  When  the 
pawl  y  is  v^ngaged,  the  ratchet  wheel  /  is  rotated  in  the 
direction  of  the  arrow,  thus  turning  the  gear  s^  and  with  it 
the  feed-screw.  When  the  rack  u  moves  up  again,  it  turns 
the  gear  v  back,  but  the  pawl  y  slips  over  the  ratchet 
wheel;  consequently,  the  feed-screw  remains  at  rest.  With 
each  stroke  of  the  machine  a  similar  movement  occurs.  To 
reverse  the  direction  of  the  feed,  the  pawl  y  is  moved  so 
that  its  opposite  end  engages  the  ratchet  wheel  x.  The 
feed  may  be  stopped  entirely  by  setting  the  pawl  y  in 
mid-position,  so  that  neither  end  engages  the  ratchet 
wheel. 

14.  Depth  of  Cut. — In  planer  work,  as  in  lathe  work, 
roughing  and  finishing  cuts  are  taken.  The  first  cuts  are 
made  deep,  and  the  feed  is  consequently  fine  when  com- 
pared with  the  finishing  cut.  It  should,  however,  be  as 
heavy  as  the  tool  will  stand  without  heating,  and  as  great  as 
the  machine  will  drive  without  danger  of  springing  or  bend- 
ing the  work. 

15.  Feeds    for    1^0M%\%\tt%    and    Finishing:   Cuts. 

The  amount  of  feed  that  can  be  taken  under  different  con- 
ditions depends  largely  on  the  metal  being  cut  and  the  kind 
of  cut  being  taken.  The  resistance  that  a  chip  offers  to  a 
tool  as  it  is  cut  from  the  solid  and  turned  past  the  tool 
depends  on  the  thickness  of  the  chip  more  than  on  its  width, 
and  also  on  the  character  of  the  metal.  In  planing  some 
metals,  such  as  cast  iron,  a  very  heavy  feed  cannot  be  used, 
in  some  cases,  on  account  of  the  fact  that  the  great  resist- 
ance offered  by  the  thick  chip  causes  the  metal  to  break  out 
in  advance  of  the  point  of  the  tool,  thus  causing  pits  or 
indentations  in  the  surface  of  the  work  being  planed.     If 
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the  thickness  of  the  chip  can  be  reduced  without  reducing 
the  feed,  a  greater  surface  can  be  covered  in  less  time ;  this 
is  illustrated  in  Fig.  14.  If  a  tool  were  set  with  its  cutting 
edge  perpendicular  to  the  work,  so  that  it  would  cut  out  the 
block  acdb^  it  would  have  a  feed  equal  to  ab^  and  would 
have  to  turn  a  chip  whose  thickness  is  also  equal  to  a  b.  The 
depth  of  the  cut  in  this  case  is  a  c.  If  the  same  tool  were 
arranged  with  its  cutting  edge  at  an  angle  of  45°,  as  shown 
in  Fig.  14  (^),  and  given  a  feed  ab  equal  to  that  shown  in 
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Fig.  14  {a),  the  chip  would  have  a  thickness  shown  along 
the  line  c  </,  which  would  only  be  about  three-fourths  of  the 
feed  as  shown  by  the  line  a  b.  The  breadth  of  chip,  how- 
ever, would  be  equal  to  a  e.  According  to  a  principle  in 
geometry,  if  the  feed  of  ^  ^  remains  constant  and  the  depth  of 
the  cut  is  the  same,  the  area  of  the  chip  a  b  dc^  Fig.  14  (^), 
or  abfe,  Fig.  14  {b),  will  remain  the  same,  and  hence  the 
amount  of  metal  removed  in  each  cut  w^ill  be  the  same;  but 
owing  to  the  fact  that  the  thickness  has  been  reduced  one- 
fourth,  the  resistance  offered  to  the  tool  will  be  very  greatly 
reduced.  On  this  account,  the  cutting  edge  of  planer  tools 
intended  for  roughing  work  are  usually  set  at  an  angle  to 
the  surface  to  be  cut,  as  shown  by  the  line  A  B^  Fig.  2. 
From  this  it  will  be  seen  that  the  feed  which  can  be 
given  to  a  roughing  tool  depends  to  a  large  extent  on 
the  angle  that  the  cutting  edge  forms  with  the  surface 
of  the  work. 

Finishing  cuts  should  always  be  light,  and  the  feed  that 
can  be  given  depends  on  the  character  of  the  metal  being 
cut.     In  finishing  wrought  iron  and  steel,  it  is  necessary  to 
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use  comparatively  narrow  finishing  tools  with  a  correspond- 
ingly fine  feed.  In  finishing  cast  iron,  very  broad  finishing 
tools  may  be  used,  and  a  feed  nearly  equal  to  the  width  of 
the  tool. 

1 6.  Chippins:  the  Edge  of  the  Work. — When  taking 
a  roughing  cut,  there  is  a  tendency  for  the  tool  to  break  off 
the  edge  of  the  work  just  as 
the  tool  is  leaving  it.  This 
breaking  of  the  edge  often 
runs  much  below  the  fin- 
ished surface,  and  leaves  a 
bad-looking  piece  of  work. 
It  may  be  avoided  by  bevel- 
ing the  edge  of  the  work,  as 
shown  at  b,  in  Fig.  15.     The  ^'°-  **• 

bevel  starts  at  the  line  that  indicates  the  depth  of  cut  and 
runs  back  at  an  angle  of  about  45°.  When  the  tool  comes 
to  the  beveled  edge,  the  force  of  the  cut  begins  to  decrease, 
so  that  by  the  time  the  edge  of  the  work  is  reached,  there  is 
little  of  it  to  break. 


8IDB  CUTS  OR    DOWN   CUTS. 

17.  Setting  the  Tool. — The  sides  of  the  casting  may 
be  finished  by  feeding  a  properly  shaped  tool  down  over  the 
sides  of  the  work.  In  Fig.  16  a  casting  is  shown  fastened  to 
the  platen  of  the  planer.  The  upper  surface  a  has  been 
finished  in  the  ordinary  manner  and  it  is  desired  to  finish 
the  sides  c  and  b  square  with  the  finished  face  a ;  a  tool  of 
the  form  shown  at  /  may  be  used  for  this  purpose.  It  should 
be  set  in  the  tool  block  so  that  its  edge  extends  far  enough 
beyond  the  tool  clamps  to  pass  entirely  over  the  surface  to 
be  planed  before  the  tool  block  comes  in  contact  with  the 
work.  On  account  of  the  fact  that  the  cutting  edge  of  the 
tool  extends  so  far  beyond  the  tool  block,  it  is  impossible  to 
take  as  heavy  cuts  in  facing  down  as  it  is  when  working  on 
a  flat  surface. 


14 


PLANER  WORK. 


§9 


When  taking  a  side  cut,  it  is  necessary  to  swing  the  tool 
block  to  one  side,  as  shown  in  Fig.  16.  The  tool  blocks  and 
clamps  are  pivoted  on  a  pin  placed  at  the  center  of  that  circle 
of  which  the  arc  containing  the  bolts  e  forms  a  part.  By 
loosening  these  bolts,  the  head  may  be  swung  to  the  desired 
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angle.  When  the  pressure  of  the  cut  is  released  and  the 
tool  is  on  the  back  stroke,  it  is  free  to  swing  along  the 
arc  A  Z?,  as  shown  in  Fig.  17.  As  the  work  passes  back  un- 
der the  tool,  the  point  of  the  tool  tends  to  swing  away  from 
the  work  when  planing  flat  surfaces. 
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When  cutting  a  side  face,  the  tool  tends  to  rise  the  same 
as  when  cutting  horizontal  surfaces;  but  if  the  swing  of  the 
point  of  the  tool  and 
the  face  of  the  work 
are  in  the  same  verti- 
cal plane,  the  tool 
point  will  rub  against 
the  face  of  the  work 
instead  of  swinging 
away  from  it.  It  is 
for  this  reason  that  the 
head  is  swung  into 
the  position  shown  in 
Fig.  16.  As  the  tool 
must  always  swing  in 
a  plane  perpendicular 
to  the  pin  w.  Fig.  17, 

it   is   evident  that   as  ^°-  "' 

the  work  goes  back  under  the  tool,  the  point  will  swing  away 
from  the  work.  In  Fig.  16  the  center  line  of  the  pin  is  rep- 
resented by  the  line  A  B,  and  the  center  tine  of  the  tool  by 
the  line  CD. 

When  planing  a  surface  on  the  opposite  side  of  the  work, 
as  inc,  Fig.  16,  the  tool  head  and  tool  block  must  be  swung 
in  the  direction  opposite  to  that  shown  in  Fig.  16.  A  handy 
rule  to  remember  is  that  when  taking  any  side  cut,  the  top 
of  the  tool  block  must  be  swung  away  from  the  surface  to 
be  cut. 

18.  Testing  the  Squareness  of  the  Head. — When 
making  down  cuts  that  are  intended  to  be  square  with  the 
top  face  of  the  platen,  the  down-feed  slide  of  the  head  should 
be  examined  to  see  that  it  is  perpendicular  with  the  platen. 
This  slide,  or  head,  ison  a  swiveled  base  clamped  to  the  saddle. 
It  can  usually  be  swung  around  to  make  any  angle  with  a 
position  perpendicular  to  the  platen.  The  base  is  graduated, 
so  that  when  set  perpendicular,  two  zero  marks  come 
together.     If  the  head  is  not  set  perpendicular,  it  may  be 
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loosened  by  unclamping  the  four  nuts  k,  I,  m,  and  n.  Fig.  16 ; 
it  is  then  adjusted  to  the  correct  position  and  clamped  again. 
The  squareness  of  the  head  and  the  accuracy  of  the  work  are 
assured  by  proceeding  in  the  following  manner:  A  finishing 
cut  is  taken  over  the  surface  a.  Fig.  16,  and  a  side  tool  sub- 
stituted and  a  finishing  cut  taken  down  the  face  or  side  b. 
A  try  square  is  applied  to  the  two  finished  surfaces,  and 
if  b  is  not  square  with  a,  the  vertical  slide  is  adjusted  and 
trial  cuts  made  until  b  is  made  square  with  a. 


CVXTING  BEVELB. 


19.     SwlngtHK  the  Head. — When  a  beveled  cut,  that 
is,  a  cutat  any  other  angle  to  the  surface  of  the  platen  than 


80°,  is  to  be  made,  the  head  is  swung  around  so  that  the 
line  of  down  feed  makes  the  desired  angle  with  the  table. 
Suppose  it  is  desired  to  bevel  a  piece  at  an  angle  of  60°  with 
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the  top  of  the  platen.  Then  the  head  is  moved  through  30°, 
as  shown  in  Fig.  18,  when  the  tool  will  be  fed  down  at  60°. 
The  graduations  are  not  the  same  on  all  planers.  On  this 
account,  care  must  be  taken  to  be  sure  that  the  proper  angle 
with  the  surface  of  the  platen  is  obtained. 

When  cutting  bevels,  the  tool  block  must  be  swung  around 
as  shown  in  Fig.  18.  A  very  easy  rule  to  remember  as  to 
which  way  to  swing  the  tool  block  when  making  side  cuts  or 
undercuts  is  the  following:  Always  swing  the  top  of  the 
tool  block  away  from  the  surface  to  be  planed. 

In  making  down  cuts,  especially  in  roughing  cuts,  the  tool 
should  invariably  be  fed  downwards  while  cutting,  but  never 
upwards.  On  a  fine  finishing  cut,  this  is  not  so  essential. 
The  objection  to  feeding  upwards  is  that  during  the  return 
motion  the  tool  is  liable  to  catch  in  the  work  before  it  has 
time  to  swing  clear. 

20.  Planer-Head  Graduations. — Planer  heads  are 
graduated  in  degrees  from  zero  to  90 ;  that  is,  a  quarter  of 


a  circle  is  divided  into  90  equal  parts,  which  are  laid  off  as 
shown  at^.  Fig.  19,  On  some  planers,  the  graduations  are 
numbered  from  zero  to  90°,  zero  being  at  the  side,  Fig.  19  {b) ; 
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in  other  cases,  the  graduations  are  numbered  from  90  to 
zero,  Fig.  19  {c).  In  order  to  set  the  planer  head  e,  Fig.  19, 
to  feed  down  at  any  given  angle,  it  is  necessary  to  know 
either  the  horizontal  angle  c  or  the  vertical  angle  ^,  Fig.  20  (a). 
If  the  horizontal  angle  c  is  35°  and  the  graduations  are  as 
shown  in  Fig.  19  (^),  the  head  must  be  set  to  90°  —  35°,  or 
55°.  If  the  graduations  are  as  shown  at  Fig.  19  (c),  the 
head  will  be  set  to  35°.     If  the  loose  side,  or  gib^  d,  Fig.  20  (rt), 
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is  to  be  planed,  it  is  usually  set  on  edge  against  an  angle 
plate  or  block,  as  shown  in  Fig.  20  {b) ;  when  so  set  the 
angles  are  reversed  and  it  will  be  necessary  to  set  the  planer 
head  just  the  opposite  from  the  way  in  which  it  should  be  set 
for  planing  the  angles  shown  in  Fig.  20  (cl).  For  instance, 
if  the  graduation  on  the  planer  head  were  such  that  in 
order  to  plane  the  angle  c  it  would  be  necessary  to  set  the 
planer  head  to  the  55°  graduation  mark  when  the  piece  a 
was  set  flat  on  its  face,  it  would  be  necessary  to  set  the  head 
to  35°  to  plane  the  piece  d  when  it  was  set  as  shown  at 
Fig.  20  (*). 


UNDERCUTS. 


21.  Spring:  of  the  Tool. — When  making  undercuts, 
or  when  cutting  T  slots,  the  results  of  the  springing  of  the 
tool  are  reversed.  In  Fig.  9  it  was  shown  that  when  the 
tool  bent,  it  sprung  down  into  the  work,  the  top  of  which 
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is  represented  by  the  line  iv  k.  If  this  line  is  assumed  to 
represent  the  under  surface  of  a  piece  of  work,  it  will  be 
seen  that  during  a  cut  when  the  tool  springs  down  in 
the  arc  A  B,  it  will  spring  away  from  the  work,  and  on  the 
return  stroke  the  tool  block  will  lift  and  swing  the  point  of 
the  tool  in  the  arc  CD,  thus  throwing  the  tool  into  the 
work  and  causing  it  to  catch  and  lift  the  work  off  the  table, 
or  break  the  tool, 

22>  Blocking  tbe  Tool.— When  an  ordinary  bent  tool 
is  used  for  undercutting,  the  tool  must  be  blocked  so  that  it 
will  not  spring  back  on  the  return  stroke.  This  may  be 
accomplished  by  having  the  shank  of  the  tool  long  enough 
so  that  a  block  may  be  driven  between  it  and  the  head;  this 
will  keep  the  point  from  rising. 

23.  Cutting  T  Slots.— When  cutting  T  slots,  a  tool 
made  as  shown  in  Fig.  21  maybe  used;  the  tool  must  then  be 
blocked  in  some  con- 
venient way  to  pre- 
vent its  rising  during 
the  backward  stroke. 
Instead  of  blocking 
the  tool,  it  is  better 
to  make  the  stroke  of 
the  planer  longenough 
so  that  the  tool  will 
pass  some  distance  out 
of  the  slot  at  each  end. 

When  the  machine  Is  ""'■"■ 

on  the  return  stroke,  the  tool  may  be  held  up  by  swinging 
the  tool  block  upwards  to  allow  the  tool  to  pass  over  the 
work;  the  tool  being  dropped  again  at  the  beginning  of 
the  next  stroke. 

A  simple  device  to  take  the  place  of  the  hand  for  holding 
the  tool  up  is  shown  in  Fig.  22.  Two  pieces  of  sheet  metal 
are  hinged  together  at  i/;  one  piece  is  fastened  to  the  tool 
and  the  other  piece  b  is  left  free  to  swing.     When  a  cut 
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is  being  taken,  the  loose  end  b  drags  on  the  work,  as 
shown  in  Pig.  23  {a).  As  soon  as  the  tool  and  the  hinged 
part  b  pass  by  the 
work,  the  part  b 
drops  down.  On  the 
return  stroke,  it 
strikes  the  end  of  the 
work  and  lifts  the 
tool  up,  as  shown  in 
Fig.  22  {b),  so  that  it 
drags  over  the  top. 
When  the  cut  again 
starts,  the  tool  enters 
the  slot  while  part  b 
drags  over  the  work 
as  before. 

For    some    heavy 

undercutting,  a  heavy 

bar  is  clamped  in  the 

tool  clamp.     This  bar 

is  fitted  with  a  special 

too!  block  at  its  lower 

end,  which    carries   a 

small    tool    and   is   so 

arranged  that,  at  the 

backward     stroke     of 

the   planer,    it   allows 

'*'  the    tool    to   spring 

^"*'  *■  away  from  the  cut.   In 

the  case  of  large  planers  the  side  heads  usually  answer  much 

better  for  undercutting  and  also  for  side  facing. 


CUTTING  SPEED  OF  THE  PLANER. 

24.     Limit  of  Speed. — The  cutting:  speed  of  planer 

tools  is  governed  by  the  same  laws  that  govern  the  speed  of 

lathe  tools.     The  speed  must  not  be  so  high  as  to  cause  the 

tool  to  heat  and  to  become  dull  too  quickly.     It  should  vary 
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with  the  hardness  of  the  metal  cut,  the  kind  of  metal,  and 
with  the  kind  of  cut ;  that  is,  it  should  in  general  be  slower 
for  a  roughing  cut  than  for  a  finishing  cut.  With  ordinary 
steel  tools  the  following  speeds  may  be  considered  good  prac- 
tice :  For  brass,  100  feet  per  minute ;  for  cast  iron,  45  feet 
per  minute ;  for  wrought  iron  and  machine  steel,  35  feet  per 
minute ;  for  tool  steel,  20  feet  per  minute ;  for  chilled  iron, 
2  feet  per  minute. 

With  the  ordinary  planer,  there  is  no  way  of  varying  the 
cutting  sp)eed  after  it  has  once  been  determined  and  the 
machine  has  been  erected.  In  belting  a  new  planer,  a  cut- 
ting speed  is  selected  that  is  slow  enough  for  very  hard 
metals  and  heavy  cuts,  and  ever  after  the  planer  must  run 
at  that  same  slow  speed,  whether  it  be  used  for  planing  steel 
or  for  finishing  a  brass  casting.  This  puts  the  planer  at  a 
disadvantage.  In  order  to  make  planers  suitable  for  hard 
metal  and  heavy  cuts,  they  are  usually  belted  to  run  at  a 
speed  of  from  18  to  20  feet  per  minute. 

25*  Variable-Speed  Countershaft. — If  a  planer  is 
fitted  with  some  device  for  changing  or  varying  the  speed,  it 
results  in  a  very  great  saving  of  time  on  many  classes  of 
work.  One  of  the  most  common  devices  of  this  kind  is 
the  Reeves  variable-speed  countershaft,  which  is  shown  in 
Fig.  23. 

This  appliance  consists  of  a  rectangular  frame  that  sup- 
ports two  parallel  shafts  a,  b,  on  which  are  located  the  two 
cones  c,  c  and  d^  d  that  rotate  with  the  shafts,  but  can  be 
moved  along  them.  The  apexes  of  the  cones  are  toward 
each  other.  The  cones  are  held  in  position  by  means  of  the 
bars  e^e  that  are  pivoted  to  the  frame  at  the  points /",/". 
When  these  bars  are  placed  with  their  ends  g^  g  in  the  posi- 
tion shown  in  the  figure,  the  cones  r,  c  on  the  shaft  a  are 
moved  together,  while  the  cones  d^  d  on  the  shaft  b  are  moved 
apart.  An  endless  belt  ////  runs  between  these  cones  and 
transmits  power  from  one  shaft  to  the  other.  This  belt  is 
kept  from  squeezing  down  between  the  cones  by  blocks  of 
wood  fastened  across  it  to  stiffen  it.     Power  from  the  line 
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shaft  is  transmitted  by  a  belt  to  the  pulley  /,  which  drives 
the  shaft  b  and  the  cones  d^  d.  When  in  the  position  shown, 
that  is,  when  the  cones  d^  d  are  far  apart  on  the  shaft  ^,  the 
belt  //  is  quite  close  to  the  shaft.  Consequently,  the  belt  is 
driven  at  a  slow  rate  of  speed,  or  just  as  if  it  were  mounted 
on  a  small  driving  pulley.     The  cones  r,  c  on  the  shaft  a  are 
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close  together,  and  the  belt  h  takes  a  position  near  their 
circumference.  In  consequence  of  this,  the  shaft  a  will  be 
driven  at  a  slower  speed  than  the  shaft  b.  If  r,  c  are  moved 
apart,  the  cones  d,  d  will  approach  each  other,  and  the 
belt  //  will  come  nearer  the  center  of  the  shaft  a  and  will  move 
farther  from  the  center  of  the  shaft  b.  This  causes  the 
shaft  a  to  revolve  faster. 

The   application  of  this  device  to  a   planer   is  shown  in 
Fig.  24.     The  reversing  pulley  r,  Figs.  23  and  24,  is  put  on 
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the  constant-speed  shaft  b,  thus  giving  a  constant -speed 
return  motion  to  the  planer.  The  driving  pulley  s  for 
the  forward  motion  of  the  planer  is  on  the  variable- 
speed  shaft  a.  The  sprocket  wheel  /,  which  is  operated 
from  below  with  a  chain,  is  fastened  to  a  right-and-left- 
hand  screw  j\  Fig.  23,  by  means  of  which  the  bars  ^,  e 
are  rotated  about  /,/  in  order  to  obtain  any  desired  rate 
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of  speed.  With  this  device,  it  is  possible  to  adjust  the 
speed  of  a  planer  to  suit  the  conditions  of  work,  as  is 
done  in  lathe  work.  The  adjustment  should  be  made 
while  the  machine  is  running.  In  some  cases  a  planer  is 
driven  by  a  pair  of  cone  pulleys,  which  afford  several 
changes  of  speed. 
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ACCURACY  OF  PLANER  WORK. 

26*  Erecting  a  Planer. —  In  erecting  a  ne^v 
planer,  it  should -be  set  on  a  brick  or  stone  foundation;  the 
platen  should  be  removed  and  the  bed  carefully  leveled  by 
testing  the  V  guides.  Care  should  be  taken  that  the  ends  of 
the  bed  rest  fairly  on  the  foundation,  so  that  there  will  be 
no  tendency  to  twist  the  bed  or  put  it  in  wind,  as 
it  is  called.  If  the  planer  is  well  set  at  first,  it  will 
remain  true  for  a  long  time.  Detailed  descriptions  of 
the  erection  of  both  large  and  small  planers  are  given 
in  Erecting, 

27«  Errors  in  the  Platen. — After  a  planer  has  been 
in  use  for  some  time  the  platen  becomes  out  of  true.  This 
is  caused  by  the  driving  in  of  the  stop-pins,  the  careless 
handling  of  work,  and  the  general  hammering  that  the  top  of 
a  platen  receives.  All  these  abuses  tend  to  peen  the  top  of 
the  platen  and  stretch  it,  thus  causing  it  to  spring  up  con- 
siderably in  the  middle.  When  the  platen  springs  up  in  the 
middle,  it  bears  only  on  its  ends;  therefore,  when  a  long 
cut,  where  the  end  of  the  platen  runs  over  the  end  of  the 
bed,  is  taken,  the  ends  of  the  platen  drop  down.  When 
this  occurs,  it  is  impossible  to  plane  work  straight  and 
true. 

Ih  such  a  case,  the  platen  should  have  a  light  cut  taken 
over  its  top  surface  to  make  it  true.  When  taking  a  cut  to 
true  a  platen,  the  first  cut  should  never  be  deep  enough  to 
cut  its  entire  length.  It  is  better  to  take  a  number  of  light 
cuts,  for  the  reason  that  if  a  heavy  cut  is  taken  at  the  begin- 
ning, it  will  be  found  as  the  cut  proceeds  that  the  tension 
in  the  top  of  the  platen  is  gradually  released,  and  that  the 
platen  will  slowly  spring  back  to  its  natural  shape,  so  that  by 
the  time  the  cut  has  been  fed  across,  the  platen  has  sprung 
back  to  its  original  shape  and  the  front  edge,  which  was 
made  straight  at  the  beginning,  will  be  found  to  be  concave. 
Another  light  cut  will  be  necessary  to  finish  the  platen 
straight  and  true. 


§  9  PLANER  WORK.  25 

Before  taking  a  cut  over  a  platen,  the  cross-rail  should  be 
tested  for  alinement  with  the  ways,  and  if  not  in  perfect  con- 
dition it  should  be  adjusted  to  the  ways  and  not  to  the  table. 
This  always  insures  the  accuracy  of  angles  and  parallelism 
of  work  done  on  the  machine. 

28.  Error  In  the  Cro»»-Rall. — Before  a  planer  platen 
is  trued  by  planing,  the  cross-rail  should  be  tested  to  see  if 
it  is  level  and  parallel  with  the  platen.  The  cross-rail  is 
raised  or  lowered  and  kept  level  by  the  elevating  screws  in 
the  housings.  These  screws  have  the  same  pitch,  so  that 
when  the  cross-rail  is  moved,  each  end  moves  the  same 
amount;  the  cross-rail  is  thus  kept  parallel  with  the  bed. 
It  sometimes  happens  that  heavy  cuts  are  taken  when  the 
cross-rail  is  not  securely  clamped  to  the  housings;  a  strain 
is  then  brought  upon  the  elevating  screws  and  the  nuts, 
which  throws  the  cross-rail  out  of  adjustment.  •  When  the 
cross-rail  is  not  parallel  to  the  platen,  it  will  cause  the  work 
to  be  planed  thicker  at  one  edge  than  at  the  other.  The 
cross-rail  may  be  tested  by  adjusting  a  tool  in  the  head  so 
that4t  just  holds  a  piece  of  paper  on  a  cylindrical  piece  laid 
in  one  of  the  V  guides  and  then  running  the  head  over  the 
other  rail  and  testing  the  tool  over  the  same  cylindrical 
piece  laid  in  the  other  V.  If  the  rail  is  not  parallel  to  the 
V's,  it  must  be  made  so  by  facing  off  the  hub  of  one  of  the 
gears  at  the  top  of  the  adjusting  screws,  or  adjusting  one  of 
the  gears  on  the  horizontal  shaft  that  connects  the  screws. 
The  screws  should  always  be  turned  so  as  to  raise  the  cross-rail 
when"making  an  adjustment,  as  this  takes  up  all  lost  motion. 

29.  Spring  of  the  Planer. — In  some  of  the  old 
designs  of  planers,  the  bed  and  housings  were  exceedingly 
light  when  compared  with  the  rigidity  of  design  shown  in 
the  modern  planer.  With  the  modern  planer  in  good  adjust- 
ment, there  is  little  danger  of  error  due  to  the  distortion  or 
spring  of  the  machine,  at  least  when  taking  light  finishing 
cuts.  If  the  cross-rail  or  the  head  is  loose,  there  is  danger 
of  the  tool  springing  into  the  work. 
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30.  Spring  of  Work  Due  to  Clamping. — The  great- 
est error  is  usually  due  to  the  spring  of  the  work,  which  is 
not  only  caused  by  improper  clamping,  but  also  by  the  releas- 
ing of  internal  stresses  that  have  been  set  up  in  casting  or 
forging.  This  point  is  again  emphasized,  as  a  serious  dis- 
tortion of  the  work  may  be  produced  by  a  very  slight  pres- 
sure of  the  clamps. 

31.  Sprlns  of  Work    Due  to  Its  Welffht.— The 

weight  of  the  piece  is  often  sufficient  to  cause  a  considerable 
deflection.  Suppose  that  a  long  cast-iron  piece  similar  in 
shape  to  the  bed  of  the  planer,  as,  for  instance,  that  shown 
in  Fig.  25,  is  supported  only  at  its  two  ends.     Assume  that 
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the  clamps  are  applied  carefully,  so  that  the  work  is  not 
sprung  in  clamping,  but  that  the  piece  is  left  unsupported 
at  the  center.  Then,  the  weight  of  the  work  in  this  case 
may  cause  it  to  bend  down  considerably  in  the  center.  When 
the  tool  presses  on  the  top  in  taking  a  cut,  the  pressure  of 
the  tool  will  still  further  press  the  center  of  the  work  down- 
wards. The  result  will  be  that  if  the  piece  is  turned  over 
on  its  side,  it  will  be  relieved  of  the  weight  that  tended  to 
deflect  it ;  the  finished  face  will  then  be  found  to  be  far 
from  straight.  In  such  a  case  as  this,  jacks  or  supports 
should  be  put  under  the  work  to  support  it  throughout  its 
length. 

32«  Internal  Stresses. — Another  source  of  error  that 
prevents  a  planer  from  planing  a  straight  surface  is  that 
which  arises  in  cast  or  forged  work  from  the  releasing  of 
Internal  stresses ;  these  stresses  are  created  in  castings 
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and  forgings  by  uneven  cooling  of  the  pieces.  There  is  a 
surface  tension  in  the  skin,  or  scale,  of  the  casting  or  forg- 
ing, and  usually  there  also  exist  local  stresses,  due  to  uneven 
hammering  or  cooling  of  the  piece,  which  tend  to  warp  it 
out  of  shape.  These  stresses  usually  act  in  different  direc- 
tions, with  the  result  that  when  one  is  removed,  the  remain- 
ing stresses  cause  the  piece  to  change  slightly  in  shape. 
The  action  of  these  internal  stresses  manifests  itself  very 
strongly  when  finishing  a  long,  thin  casting  straight  and 
parallel. 

Suppose  a  casting  which  is  straight  be  clamped  carefully, 
so  that  when  it  is  laid  on  the  platen  it  has  a  fair  bearing,  and 
a  cut  is  taken  over  the  top  so  that  it  is  straight.  Upon 
removing  the  clamps,  the  piece  may  spring  up  in  the  center, 
as  shown  somewhat  exaggerated  in  Fig.  26  (a).     Before  the 
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piece  was  planed,  the  surface  tension  in  the  two  sides  a  and  b 
was  about  equal ;  consequently,  the  piece  remained  straight. 
Upon  taking  a  cut  over  one  side,  as  b,  part  of  the  surface 
was  removed  and,  consequently,  a  part  of  the  surface  tension 
was  relieved.  The  side  a  being  now  under  the  greater  sur- 
face tension,  the  result  is  a  bending  of  the  work,  as  shown. 
If  the  piece  is  turned  over,  as  shown  in  Fig.  26  (b),  and 
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carefully  clamped  with  pieces  under  the  ends,  so  that  it  will 
not  be  sprung  in  clamping,  and  if  a  cut  is  now  taken  over 
the  surface  a  as  deep  as  the  cut  taken  over  the  surface  b^  it 
will  be  found  upon  releasing  the  clamps  that  the  work  will 
again  change  its  form,  this  time  springing  back  to  about  its 
normal  shape.  The  face  b  will  again  be  nearly  straight  and 
the  face  a  curved,  as  shown  in  Fig.  26  (c).  After  the  first 
cuts  are  taken  and  the  skin  is  removed,  there  is  less  ten- 
dency for  the  work  to  change  its  shape.  Because  of  this 
change  of  form  in  work,  due  to  the  removal  of  the  surface 
tension,  it  is  always  desirable  to  take  all  the  roughing  cuts 
before  any  finishing  cuts  are  taken.  If  the  work  is  very 
thick  and  heavy,  and  the  surfaces  small,  there  is  less  danger 
of  the  work  changing  its  shape  than  on  light,  thin  work 
that  is  machined  all  over.  It  is  a  good  rule,  however, 
whenever  it  is  possible,  to  rough  out  the  work  all  over  before 
any  finishing  cuts  are  taken. 


SPECIAL    PLANER    WORK. 

33.  'Work  Too  Lons  for  the  Platen. — It  occasion- 
ally occurs  that  a  piece  of  work  is  too  large  to  be  handled 
upon  the  planer  in  the  ordinary  way,  and  in  such  cases  spe- 
cial rigs  or  devices  must  be  used.  When  pieces  longer  than 
the  stroke  of  the  planer  are  planed,  one  end  of  the  work  is 
clamped  to  the  platen  while  the  other  end  extends  beyond. 
When  the  free  end  overhangs  very  much,  it  is  supported  on 
bearings  or  rollers.  After  one  end  is  planed,  the  work  is 
moved  along  the  platen,  so  that  the  finished  part  projects  and 
the  unfinished  part  is  planed.  Considerable  skill  and  care  is 
tiecessary  in  resetting  the  work,  so  that  the  two  parts  when 
finished  will  be  as  true  as  though  the  work  had  been  planed 
without  resetting. 

34.  Work   Too   Wide  for  the    Housings.— When 

work  is  too  wide  to  pass  between  the  housings  and  is  not 
very  long,  a  special  extension  head  may  be  made,  as  shown 


§9 


PLANER  WORK. 


29 


in  Fig.  27.  A  bracket  a  is  fitted  to  the  slide  of  the  down 
feed ;  the  tool  block  d  is  then  attached  to  the  outer  end  of 
the  bracket  or  extension  head.  The  bracket  is  made  long 
enough  to  reach  over  the  work  when  the  latter  is  very  close 
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to  the  housings.  The  spring  of  the  long  arm  and  the  lack 
of  rigidity  in  the  cross-rail  make  it  rather  difficult  to  take  a 
heavy  cut ;  the  device  will  do  the  work,  however,  when  no 
better  means  is  at  hand. 


35*     Special  Ris  for  Planing  Curved    Surfaces. 

For  some  kinds  of  work,  special  devices  and  rigs  may  be 
devised  to  save  time.  Fig.  28  shows  an  end  view  of  a  planer 
fitted  with  a  rig  devised  for  planing  a  curved  surface  on  a 
casting  c,  A  special  long  head  a  is  pivoted  above  the  work 
at  the  point  d ;  the  distance  from  the  point  of  the  tool  to  d 
is  made  equal  to  the  radius  of  the  arc  to  be  planed.  The 
regular  planer  head  with  the  down  feed  is  attached  to  the 
lower  end  of  the  special  head,  which  is  gibbed  to  the  curved 
part  of  the  cross-rail  so  that  it  can  slide  freely  as  it  swings 
about  the  center  d.     In  operation,  the  cross-feed  motion  is 
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used  as  in  ordinary  planing;  the  tool  is  adjusted  to  the  work 
by  the  regular  down  feed.     A  curved  surface  is  produced  by 
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this  device  as  easily  as  aflat  surface  is  planed  on  an  ordinary 
planer. 

36.     I^lanlns  Links. — When   planing   links,  it   is 

necessary  to  arrange  the  work  in  such  a  manner  that  it  will 
travel  through  a  curved  path  so  that  the  planer  tool  may 
cut  the  desired  curve.  This  may  be  accomplished  in  several 
ways.  Probably  the  simplest  method  of  planing  a  link  is  that 
illustrated  in  Fig.  29,  where  the  work  a  is  bolted  to  an  auxil- 
iary table  b.  This  table  is  rigidly  attached  to  a  bar  r,  which 
is  provided  with  a  long  slot  ^  for  the  purpose  of  allowing  the 
pivot  pin  e  to  be  adjusted  to  any  radius  that  may  be  desired. 
The  pivot  pin  e  is  securely  attached  to  a  fixed  support.  In 
the  device  shown  the  outer  end  of  the  bar  c  is  supported 
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by  the  ^uide  /,  along  the  upper  edge  of  which  it  is  free  to 
slide.  The  radius  of  the  link  being  planed  is  determined  by 
the  position  of  the  pivot  pin  e  about  which  the  bar  c  rotates. 
The  plate  b  is  held  between  strips  g,  which  are  bolted  to 
the  planer  table  as  shown.  These  strips  are  so  adjusted 
that  they  hold  the  plate  b  down  on  the  surface  of  the  planer 
table,  and  also  prevent  any  motion  in  the  direction  of  the 
length  of  the  platen.     As  the  platen  moves  backwards  and 


forwards  the  plate  h  rotates  about  the  center  e,  and  in  so 
doing  slides  backwards  and  forwards  across  the  platen. 
Sometimes  much  more  elaborate  devices,  having  carefully 
adjusted  gibs,  are  provided  for  this  work;  but  in  any  case 
the  edge  of  the  plate  b  must  be  an  arc  of  a  circle  having  a 
diameter  equal  to  the  distance  between  the  clamp  pieces^. 
The  one  great  advantage  of  this  device  is  that  the  exact 
radius  of  the  link  can  be  determined  and  the  machine  set  up 
accurately  without  much  difficulty.  The  greatest  disad- 
vantage is  that  the  bar  c  must  extend  a  long  distance  to  one 
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side  of   the  planer,  and   hence,  prevents  the  placing  of  a 
number  of  planers  close  together. 

37.  Another  device  for  planing  links  is  shown  in  Fig.  30. 
In  this  case  the  work  is  fastened  to  a  plate  a  that  is  attached 
to  the  planer  table  by  a  pin  that  works  in  a  suitable  bearing 
in  the  center  of  the  plate,  as  shown  at  b.  The  plate  a  is  free 
to  rotate  about  b,  and  slides  on  the  base  c,  suitable  ways 
being  provided,  as  shown  at  d  and  e.     At  one  corner  of  the 


plate  a  there  is  a  stud/,  the  upper  end  of  which  is  fitted  with 
a  block  that  slides  in  the  groove  in  the  guide  ff.  This  guide 
is  attached  to  the  lower  side  of  the  cross-rail  of  the  planer 
and  can  be  adjusted  to  any  desired  angle  with  the  cross-rail. 
If  the  guide  g  is  placed  parallel  with  the  length  of  the  planer 
platen,  the  plate  a  will  not  rotate  about  the  pin  b,  and  the 
tool  will  plane  straight  parallel  work.  By  placing  the  guide  ^ 
at  an  angle,  however,  the  plate  a  is  made  to  rotate  about 
the  pin  b.  By  varying  this  angle,  the  amount  of  rotation  of 
the  plate  about  its  center  can  be  governed,  and  the  curv- 
ature of  the  link  varied  within  certain  limits.  It  is  not 
practicable  to  plane  links  of  very  short  curvature  by  this 
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device,  but  for  ordinary  engine  Units  it  has  proved  very  sat- 
isfactory. One  advantage  of  the  device  is  that  it  is  entirely 
self-contained,  thai  is,  it  does  not  extend  beyond  the  sides 
of  the  planer,  and  hence  planers  can  be  placed  as  close 
together  as  though  they  had  no  such  device  attached  to 
them.  One  disadvantage  is  that  it  is  sometimes  difficult  to 
adjust  the  slide  g  so  that  it  will  exactly  duplicate  links  of  a 
given  curvature.     The  device  is  generally  set  by  trial. 

38.  Planing  Spirals. — Sometimes  it  becomes  neces- 
sary to  plane  a  spiral.  This  may  be  accomplished  by  the 
device  shown  in  Fig,  31,  in  which  is  represented  an  ordinary 


planer  with  a  pair  of  planer  centers  a,  b  placed  upon  it. 
The  work  c  is  placed  between  the  centers,  but  is  not  secured 
rigidly  to  either  of  them.  A  bar  d  is  fastened  along  the 
back  of  the  planer,  being  clamped  at  one  end  to  the  planer 
housings  and  at  the  other  end  to  a  suitable  device  on  the 
planer  bed.  Another  bar  e  is  clamped  to  one  end  o(  the 
piece  c  on  which  the  spiral  is  to  be  cut.  This  bar  e  is  kept 
in  contact  with  the  bar  (/by  clamping  any  suitable  weight/ 
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to  its  outer  end.  As  the  platen  travels  backwards  and  for- 
wards, the  bar  e  slides  on  the  top  of  the  bar  d^  and  on 
account  of  the  inclined  position  of  the  bar  rf,  forces  the 
work  c  to  make  a  partial  revolution  with  each  stroke  of  the 
planer.  By  varying  the  angle  of  the  bar  d^  the  portion  of 
the  revolution  made  for  a  given  amount  of  planer  travel  can 
be  regulated.  The  steeper  the  angle  formed  by  the  bar  d^ 
the  steeper  will  be  the  pitch  of  the  spiral.  The  planing  is 
done  with  a  tool  formed  so  as  to  produce  the  desired  spiral 
groove.  By  this  device,  spirals  having  a  very  long  pitch 
that  cannot  1>e  cut  on  an  ordinary  milling  machine  can  be 
produced  very  satisfactorily,  but  it  is  impossible  to  produce 
spirals  having  a  steep  pitch.  The  centers  rt,  b  must  be  so 
placed  that  the  work  c  will  be  in  line  with  the  platen,  and 
the  upper  edge  of  the  bar  ^must  be  well  lubricated. 

39.      Special    Gauges  for   Setting   Planer  Tools. 

When  many  pieces  are  to  be  planed  to  the  same  size  and 
shape  on  the  same  planer,  and  when  the  faces  to  be  finished 
are  somewhat  complicated,  which  involves  careful  adjust- 
ment of  the  tool  for  each  piece,  a  special  gauge  may  be  used 
for  setting  the  tool.  As  an  illustration  of  the  application  of 
such  a  device,  a  tool-setting  gauge  used  in  planing  lathe 
beds  is  given.  W^hen  a  lot  of  lathe  beds  of  the  same  size 
are  to  be  made,  they  are  usually  required  to  be  planed  alike. 
The  problem  of  planing  the  top  of  a  lathe  bed  with  four 
V-shaped  ways  on  it  so  that  the  ways  are  accurately  located 
with  reference  to  one  another,  is  one  that  requires  consider- 
able care  in  the  setting  of  the  tool.  The  problem  naturally 
becomes  more  difficult  when  a  number  of  lathe  beds  are  to 
be  planed  so  that  the  ways  are  exactly  alike  on  all  of  them. 
It  can  be  solved  very  readily,  however,  by  the  use  of  a  tool- 
setting  gauge  made  to  the  correct  cross-section  of  a  finished 
lathe  bed.  This  gauge  a^  which  may  be  made  of  cast  iron, 
is  bolted  to  the  platen  in  line  with  the  lathe-bed  casting,  as 
shown  in  Fig.  32  {a) ;  space  enough  is  left  between  it  and 
the  end  of  the  work  for  the  planer  to  reverse  without  the 
tool  touching  the  gauge.     After  the  work  is  roughed  out, 
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the  platen  is  run  back  far  enough  so  that  the  tool  is  brought 
directly  over  the  gauge. 

Suppose  it  is  desired  to  finish  the  outer  side  of  one  of  the 
Vs.  The  tool  is  then  adjusted  so  that  it  just  pinches  a 
piece  of  tissue  paper  placed  between  it  and  the  gauge,  as 
shown  in  Fig.  3i  (6),  the  head  having  been  previously  set  to 
plane  the  ccrrrect  bevel.  The- tool  is  now  fed  up  away  from 
the  gauge,  and,  after  the  stroke  of  the  platen  is  adjusted  to 


cut  the  correct  length,  the  tool  is  fed  down  over  the  face  of 
the  work  in  the  direction  of  the  arrow  in  Fig.  32  (^).  In  a 
similar  manner,  the  tool  is  set  for  each  of  the  other  faces, 
and  the  work  is  thus  planed  in  accordance  with  the  gauge. 
By  setting  the  tool  with  a  piece  of  paper  between  it  and  the 
gauge,  the  tirol  can  be  carefully  adjusted  to  the  gauge;  at 
the  same  time,  a  slight  amount  is  left  to  be  removed  in  filing 
and  fitting.     It  may  be  seen  that,  by  the  use  of  a  tool-setting 
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gauge,  all  the  beds  planed  will  be  alike;  furthermore,  the 
tool  can  be  easily  and  quickly  set. 

40«  Planing:  Dovetails. — Screw  machine  beds  are 
frequently  provided  with  a  dovetail  guiding  surface  for  the 
head   as  shown  in  Fig.  33  (a).     The  heads  that  fit  on  this 
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are  frequently  made  to  fit  without  any  adjustment,  that  is, 
without  any  gibs,  and  as  a  consequence  the  work  must  be 
done  accurately.  Of  course  the  groove  on  the  head  that  fits 
on  the  bed  must  be  planed  to  fit  accurately  over  the  pro- 
jection a.  The  bearing  comes  upon  the  surfaces  6,  c,  d. 
The  casting  for  work  of  this  kind  is  usually  of  the  form 
shown  by  the  dotted  lines,  so  that  the  first  operation  must 
be  the  taking  of  a  roughing  cut  over  the  surfaces  /,  e^  b^ 
and  g,  in  order  to  remove  the  scale.  This  may  be  taken 
with  any  suitable  tool,  usually  a  round-nosed  tool,  though 
frequently  a  tool  without  side  rake  is  used  so  that  it  can  be 
fed  in  either  direction.  The  bottom  of  the  bed  is  also 
roughed  off.  After  this,  the  bed  is  carefully  reset  and  the 
work  of  finishing  is  commenced.  A  squar.e-nosed  tool  is 
used  to  finish  the  surfaces  ^,  b\  the  tool  may  be  first  set  to 
the  surfaces  e  and  both  of  them  finished.  In  order  to  obtain 
the  correct  distance  between  the  surfaces  e^  b  it  is  well  to  use 
a  setting  block  >&,  Fig.  33  {b),  which  is  set  on  the  surface  e 
and  the  planer  tool  adjusted  to  its  upper  face  /,  when  it  will 
be  set  right  for  finishing  the  surface  b. 

After  the  surfaces  ^,  ^,  Fig.  33  {a),  have  been  finished,  it 
is  necessary  to  rough  out  the  stock  in  front  of  the  surfaces 
r,  d.  This  may  be  done  with  an  offset  roughing  tool  of  the 
form  shown  in  Fig.   34  {a).     The  cutting  is  done  by  the 
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faces  a,  b  and  the  tool  ground  with  little  or  no  top  rake  and 
with  ho  side  rake.  The  planer 
head  is  set  over  to  the  required 
angle  and  the  stock  removed 
by  successive  cuts,  as  shown  in 
Fig.  33  (r),  in  which  the  dotted 
outline  shows  the  required  form 
of  the  groove.  After  all  the 
stock  has  been  roughed  out, 
the  portion  of  the  surface  ^,  Fig.  33  (<:),  that  is  under  the 
dovetail  and  hence  could  not  be  finished  by  the  square-nosed 
tool,  is  finished  by  a  tool  of  the  form  shown  in  Fig.  34  (^). 
In  this  tool  is  virtually  an  offset  square-nosed  tool,  the  cut- 
ting being  done  by  the  face  «,  the  face  b  being  cut  away  so 
that  it  can  work  under  the  bevel  surface  of  the  dovetail. 

The  bevel  surfaces  c  and  d^  Fig.  33  (^),  are  finished  with 
an  ordinary  side  tool  using  a  fairly  coarse  feed.  One  side  of 
the  work  is  always  finished  first. 

Frequently  for  laying  out  the  work  a  gauge  of  the  form 
shown  in  Fig.  35  is  used.     The  two  parts  of  the  gauge  ^,  b 

are  fitted  accurately  to  one  another. 
The  portion  a  is  laid  against  the 
end  of  the  work  and  a  line  scribed 
around  it  before  any  undercutting  is 
done. 

After  the  surface  ^,  Fig.  33  (tf), 
has  been  completed,  the  head  should 
be  swung  vertically  and  the  side  tool 
used  to  finish  the  face  //  perpendicular  to  the  face  b.  It  is 
important  to  do  this  at  the  same  setting  at  which  the  other 
faces  are  finished,  as  frequently  the  face  //  is  the  only  sur- 
face to  which  the  workman  can  refer  in  making  measure- 
ments for  fitting  the  work,  and  if  the  surface  of  a  bed 
becomes  injured  or  worn  and  requires  redressing,  the  sur- 
face //  is  usually  the  only  one  by  which  he  can  set  the  casting 
accurately -for  refitting.  After  one  side  of  the  dovetail  has 
been  finished,  the  other  side  is  planed  in  a  similar  manner,  the 
tools  used  being  similar  to  those  shown  in  Fig.  34  (ol)  and  (A), 
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but  forged  to  the  opposite  hand.  From  this  it  will  be  seen 
that  for  planing  a  dovetail  it  is  necessary  to  have  one  or 
more  roughing  tools,  a  set  of  offset  right-hand  and  left-hand 
tools  for  working  under  the  groove,  and  right-hand  and  left- 
hand  side  tools.  In  planing  the  second  side  of  the  dovetail, 
the  portion  b  of  the  gauge  shown  in  Fig.  35  is  sometimes 
employed  by  setting  one  edge  of  it  against  the  finished  edge 
of  the  work  at  the  end  and  scribing  inside  of  the  other  edge, 
though  usually  the  roughing  and  first  finishing  cuts  are 
taken  to  the  lines  laid  out  with  the  part  a  and  the  part  b  is 
used  only  for  testing  the  fit  of  the  work  during  finishing. 
If  the  side  c.  Fig.  33  (a),  is  planed  first,  the  final  fitting  will 
be  done  on  the  face  d.  Sometimes  in  place  of  fitting  the 
work  to  a  gauge  the  final  fit  is  made  by  using  one  of  the 
pieces  that  is  to  work  upon  the  slide  «  as  a  gauge.  Of 
course,  in  planing,  no  attempt  should  be  made  to  make  the 
pieces  work  together  freely,  as  some  stock  must  always  be 
left  for  the  fitter  to  remove  when  fitting  the  pieces. 

Frequently,    especially    in    heavy   work,    parts   that   are 

joined  by  dovetails  similar  to  those  shown  in  Fig.  33  (a)  are 

not  fitted  directly  to  one  another, 

but  a  gib  is  introduced,  as  shown 

atf.  Fig.  3C.    Thedovetail  piecesd.i 

are   planed  and    fitted    together  in 

a  manner  similar   to   that    already 

described,  with  the  exception  of  the 

fact  that  both   pieces  are  fitted  to 

Fro. ».  gauges   similar    to   that   shown   in 

Fig.  35.     After  this  a  strip  or  gib  c  is  planed  to  fit  between 

the  pieces  as  shown.     In  the  case  of  a  gib,  this  strip  is  held 

in  place  by  means  of  setscrews,  as  shown  at  d.     The  points 

of  the  setscrews  fit  into  recesses  opposite  the  center  of  the 

stripe    This  arrangement  allows  of  considerable  adjustment 

for  the  taking  up  of  wear  between  the  surfaces  upon  the  pieces 

a,  b;  it  aisit  simplifies  the  planing  considerably  on  account  of 

the^fact  that  the  fit  is  already  made  upon  the  piece  c. 

The  sizing  block  shown  at  k.  Fig.  33  (b),  is  usually  made 
of  hardened  steel  and  accurately  ground  to  shape.     It  should 
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also  be  marked  with  dimensions  for  which  it  is  made. 
Instead  of  using  a  sizing  block  of  this  character  a  regular 
depth  gauge  is  frequently  employed  for  measuring  from  the 
surface  b  to  the  surface  e. 

41.  Planlns  tbe  Ways  of  Latlies. — The  V  guides 
on  lathes  form  quite  a  difficult  planer  operation  on  account 
of  the  fact  that  there  are  four  V's  that  must  be  accurately 
spaced  and  fitted.     Fig.  37  shows  the  ordinary  V's  necessary 


Fig.  87. 

upon  a  lathe.  The  V's  a,  b  are  intended  for  guiding  the  tail- 
stock  and  headstock,  and  r,  d  for  guiding  the  carriage.  It 
is  absolutely  necessary  that  the  four  ways  be  parallel  and 
that  ^,  b  and  ^,  d  be  accurately  spaced,  but  it  is  not  abso- 
lutely necessary  that  the  two  -sets  be  accurately  spaced  with 
relation  to  each  other;  that  is,  the  distances  between  a^  c 
and  i,  d  may  vary  somewhat,  provided  the  spacing  of  each 
pair  of  V's  remains  constant.  Of  course  only  a  very  slight 
variation  is  allowed  in  this  matter,  but  the  only  effect  of 
variation  here  would  be  to 


<a; 


move    the   carriage    from 

one   side   to   the  other  in 

relation    to    the    line    of 

spindles  of  the  headstock 

and  tail-stock.     Ordinarily 

each  pair  of  V's  is  planed 

up    independent     of    the 

other  pair.     Sometimes  a 

complete     gauge    of     the 

form  shown  in  Fig.  38  (a)  is  used.     The  objection  to  this  is 

that  there  are  four  bearing  surfaces,  and  if  three  of  them 
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come  into  contact  it  is  difficult  to  tell  whether  there  is  a 
perfect  bearing  between  them  and  make  the  fourth  one  come 
accurately  to  a  fit.  In  starting  the  work  many  builders 
prefer  to  use  a  gauge  of  the  general  form  shown  in  Fig.  38  (d). 
This  gauge  has  two  inclined  surfaces  a,  b^  which  are  brought 
in  contact  with  one  side  of  the  V's;  the  gauge  is  then 
reversed  and  used  on  the  other  side  of  the  V's.  If  considered 
necessary,  a  gauge  of  the  form  shown  at  Fig.  38  (a)  may  be 
used  for  final  testing. 

In  carrying  out  the  work  in  the  case  of  most  medium-sized 
lathes  it  would  take  an  excessive  amount  of  time  to  use  an 
ordinary  round-nosed  tool  of  the  form  shown  in 
Fig.  32  {b)  and  feed  it  along  the  face  of  the  V's 
by  setting  the  head  over  to  the  proper  angle. 
On  this  account  a  tool  of  the  form  shown  in 
Fig.  39  is  frequently  used.  These  are  forged 
right  hand  and  left  hand  and  are  really  simply 
oflfset  square-nosed  tools  with  considerable  top 
rake.  The  cutting  is  done  along  the  edge  tf, 
and  it  is  necessary  to  have  both  right-hand  and 
left-hand  tools.  One  of  these  tools  is  set  to  the 
proper  angle  and  fed  against  one  side  of  one  of 
the  V's  and  a  roughing  cut  taken  over  it  of  suffi- 
cient depth  to  remove  all  the  scale  and  show 
clean  metal;  then  by  means  of  a  gauge  of  the 
form  shown  in  Fig.  38  (i),  one  side  of  the  other  V  of  the 
pair  being  worked  -upon  is  roughed  out.  The  gauge  for 
the  other  pair  of  V's  is  then  taken  and  the  corresponding 
sides  of  them  roughed  out.  The  other  hand  tool  is  then 
clamped  in  the  tool  block  and  the  other  sides  of  all  four  V's 
roughed  out  to  their  respective  gauges. 

The  surfaces  e  between  the  V's  and  /,  g  outside  of  the  V's 
should  be  finished  with  a  square-nosed  tool  before  the  V's  are 
finished  and  a  cut  should  also  be  run  over  the  flat  top  h  of 
the  V's.  The  finishing  of  the  V's  is  done  with  an  ordinary 
side  tool  and  with  a  head  set  over  to  the  proper  angle;  in 
the  finishing,  as  coarse  a  feed  as  practicable  should  be  used. 
For  setting  all  roughing  tools  a  gauge  of  the  form  shown  in 
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Fig.  32  {a)  may  be  used,  but  gauges  of  the  form  shown  in 
Fig.  38  {a)  and  (d)  will  be  found  convenient  for  the  final 
fitting  of  the  Vs. 

The  planing  of  the  V  grooves  in  the  headstock  and  tail- 
stock  is  .carried  on  in  a  manner  similar  to  that  necessary  in 
planing  the  V's  already 
described.  When  planing 
V's  in  the  headstock  and 
tail-stock  after  the  sides 
are  finished,  a  square- 
nosed  tool  should  be  taken  "***  ^' 
and  a  slight  recess  cut  in  the  bottom  of  the  groove,  as  shown 
at  a,  Fig.  40.  This  is  to  make  sure  that  the  surfaces  of  the 
V's  on  the  headstock  and  carriage  will  always  come  in  contact 
with  those  on  the  lathe  and  that  there  will  be  no  danger  of 
the  bottoms  of  the  grooves  coming  in  contact.  This  space 
is  serviceable  in  distributing  the  lubricant  when  lubricating 
the  V's  of  a  machine. 

In  setting  any  gauges  that  bear  on  two  or  more  surfaces, 
it  is  well  to  put  pieces  of  paper  of  uniform  thickness  under 
the  bearing  surfaces  of  the  gauges  and  then  see  if  the 
gauges  hold  all  the  pieces  of  paper  with  uniform  pressure 
when  they  are  in  contact  with  the  surfaces  to  be  tested. 


OPEN-SIDE    PLANERS. 

42.  Planlns  Wide  or  Irregular  Work. — A  device 
for  planing  work  too  wide  for  the  housings  of  an  ordinary 
planer  is  shown  in  Fig.  27,  but  this  device  is  limited  in  its 
application.  To  overcome  these  objections,  the  open-side 
planer,  illustrated  in  Figs.  41  and  42,  has  been  brought 
out.  This  consists  of  one  heavy  upright  a  rigidly  attached 
to  the  bed  i,  which  carries  an  ordinary  platen  c.  The 
platen,  however,  is  usually  made  somewhat  heavier  than 
would  be  the  case  with  an  ordinary  planer  having  the  same 
width  of  platen.  The  cross-rail  dis  supported  from  one  end 
only  by  a  housing,  or  post,  a.     Fig.  42  shows  a  back  view  of 
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the  machine  illustrating  the  heavy  brace  casting  fitted 
between  the  upright,  or  post,  a  and  the  cross-rail  d  in  order 
to  give  a  cross-rail  as  stiff  as  that  ordinarily  obtained  by  the 
use  of  two  housings.  One  or  more  planer  heads  e  are 
attached  to  the  cross-rail,  as  shown  in  Fig.  41.     To  support 


the  end  of  work  that  overhangs  the  planer  table,  an  auxiliary 
rest  f  is  provided,  which  runs  upon  a  series  of  rollers  g  on 
the  top  of  the  I  beam  //.  The  I  beam  k,  together  with  the 
auxiliary  rest  that  it  supports,  can  be  moved  toward  or  away 
from  the  planer  bed  b  by  adjusting  it  along  the  supports  i. 
Both  the  bed  b  and  the  supports  i  should  be  placed  upon  the 
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same  rigid  foundatioD.  The  platen  c  is  driven  by  a  spiral 
gear  operating  in  a  rack  under  the  table,  the  spiral  gear 
being  driven  by  bevel  gears  in  the  casey.  Fig.  42.  In  the 
planer  shows  in  Fig.  41,  a  tool  head  is  placed  on  the  vertical 


post,  as  shown  at  k.  Such  a  planer  as  this  will  be  found 
very  useful  for  many  special  classes  of  work  that  are  too 
broad  to  be  carried  on  an  ordinary  planer,  or  are  so  irreg- 
ular in  shape  that  they  cannot  be  supported  on  a  regular 
planer. 


SHAPER  AND  SLOTTER  WORK. 


THE  SHAPER. 


DISTINCTIVE    FEATURES. 

1.  Comparison  of  Planer  and  Sliaper* — Both  the 
planer  and  the  shaper  are  used  to  produce  flat  surfaces,  and 
both  are  adapted  to  about  the  same  class  of  work.  In  fact, 
in  many  cases  a  piece  of  work  may  be  done  equally  well  on 
either  the  planer  or  shaper.  This  is  especially  true  in  the 
case  of  small  work. 

The  principal  points  of  difference  between  the  planer  and 
the  shaper  are  found  in  the  relation  that  the  motions  of  the 
tool  and  work  bear  to  each  other,  and  in  the  method  of 
obtaining  the  feed.  In  the  planer  the  tool  is  stationary 
during  the  stroke  and  the  work  is  moved  past  the  tool  in 
order  to  take  the  cut.  In  the  shaper  the  work  is  stationary 
during  the  cut  and  the  tool  passes  over  it.  In  the  planer 
the  tool  feeds  sidewise  during  the  return  stroke  of  the  work. 
In  the  column  shaper,  which  is  the  most  common  type,  the 
work  feeds  sidewise  during  the  return  stroke  of  the  tool. 
The  shaper  is  generally  adapted  to  a  lighter  class  of  work 
than  the  planer,  or  for  work  that  does  not  require  a  long 
stroke  of  the  tool. 

§9 
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CLASSES   OF    SHAPERS. 

2.  Types  of  Sbapers. — The  ordinary  types  of  shapers 
may  be  divided  into  column  shapers  and  traveling-head 
shapers^  the  distinction  being  made  largely  on  account  of 
the  style  of  the  frame  of  the  tool  and  the  feed.  In  the 
column  shaper  the  work  is  fed  sidewise  during  the  return 
stroke  of  the  tool,  while  in  the  traveling-head  shaper  the 
head  is  fed  sidewise  during  the  return  stroke  of  the  tool. 

Column  shapers  may  also  be  divided  into  two  classes, 
crank'Shapers  and  geared  shapers^  the  division  depending  on 
the  method  of  driving  the  tool.  There  are  also  several 
special  types  of  shapers,  or  machines  belonging  to  the 
shaper  class,  that  will  be  considered  after  the  work  of  the 
ordinary  shaper  has  been  discussed. 


COLUMN    SHAPERS. 


CRANK-DRIVBN  SHAPER. 

3.  Construction  of  Shaper. — This  class  of  shaper 
consists  of  a  column  A^  Fig.  1,  that  sujiports  the  driving 
mechanism  and  the  various  stationary  and  movable  parts  of 
the  machine;  a  movable  ram  B  that  carries  the  cutting  tool 
at  one  end;  and  a  movable  table  E  to  which  the  work  is 
fastened.  The  ram  B  slides  in  flat  bearings  formed  on  top 
of  the  column ;  at  its  front  end  it  carries  the  shaper  head  /), 
which  gives  the  down  feed.  This  shaper  head  is  so  arranged 
that  it  can  be  swiveled  around  to  make  any  angle  with  the 
top  surface  of  the  table.  The  ram  is  moved  to  and  fro  over 
the  work  by  the  driving  mechanism  within  the  column,  which 
is  operated  by  belting  from  a  countershaft  to  the  cone  pul- 
ley J.  The  length  of  stroke  and  the  position  of  the  ram  with 
reference  to  the  work  are  adjustable.  The  shaper  head  D 
carries  a  tool  block  H  similar  to  that  of  a  planer.  The 
table  E  is  fastened  by  bolts  to  A  saddle  M^  which  is  gibbed 
to  the  cross-rail  /  and  can  be  moved  along  it  either  by  hand 
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or  by  an  automatic  feed.  The  cross-rail  can  be  raised  or 
lowered  by  means  of  a  screw  on  the  vertical  slide  G,  which 
forms  part  of  the  column,  and  can  be  clamped  to  it  at  any 
point.     The  table  E  usually  has  a  removable  vise  F  fitted  to 


it.  To  assist  in  supporting  the  table,  a  screw  jack  N  is 
occasionally  attached  to  the  base  of  the  machine.  The 
amount  of  feed  for  each  stroke  of  the  ram  can  be  adjusted  by 
varying  the  position  of  a  slide  that  can  be  locked  by  the 
handle  L. 

4.  DrlvtniE  Mechanism. — The  driving  mechanism  of 
the  column  shaper  shown  in  Fig.  1  is  illustrated  by  the  two 
detailed  sections.  Fig.  2.  A  is  the  column  or  main  frame, 
B  is  the  ram  that  carries  at  the  front  end  the  swivel  piece  C, 


48  SHAPER  AND   BLOTTER   WORK.  g9 

The  slide  D  carries  the  tool  holder  H.  The  block  a  is 
secured  to  the  ram  B  by  the  stud  b  and  the  tightener  handle  c. 
This  block  a  is  tapped  and  fitted  to  the  screw  d.  The 
screw  d  can  be  rotated  by  the  hand  wheel  /  and  the  bevel 
gears  at  e.  By  this  means  the  block  a  can  be  moved  along 
the  ram  and  placed  at  any  desired  position.  This  enables 
the  operator  to  adjust  the  position  of  the  ram  over  the  work 
regardless  of  the  length  of  the  cutting  stroke.  If  the  ram 
in  the  position  shown  by  the  drawing  is  set  for  a  short 
stroke,  the  cutting  will  take  place  at  or  near  the  center  of 
the  table.     By  means  of  the  block  a  and  the  screw  d,  the 


ram  can  be  so  adjusted  that  this  cut  will  take  place  at  either 
end  of  the  table.  Especially  in  die  work,  it  is  frequently  of 
advantage  to  be  able  to  cut  to  an  angle  or  curved  line  with- 
out cutting  the  whole  face  of  the  work,  or  to  cut  close  to  a 
round  boss  or  other  projection  on  the  work.  This  requires 
the  changing  of  the  position  of  the  stroke  after  each  sti'oke 
of  the  tool.  The  roller  block  a  carries  the  pin  g,  upon  which 
are  mounted  the  rollers  /(.  These  rollers  form  a  connection 
between  the  ram  and  the  vibrating  arm  and  reduce  the 
friction.  The  vibrating  arm  (  is  slotted  and  connected  to 
the   driving  gear   k  by   the  crankpin  /,   formed  upon  the 
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block  /'.  This  block  /'  is  secured  in  suitable  bearings  so 
that  it  can  be  moved  across  the  face  of  the  gear  k.  If  the 
crankpin  /  is  placed  farther  from  the  center  of  the  gear  k^ 
the  length  of  the  stroke  of  the  ram  B  will  be  increased, 
while  if  the  crankpin  /  is  drawn  toward  the  center  oi  the 
gear  >&,  the  length  of  the  stroke  of  the  ram  will  decrease 
until  the  pin  /  reaches  the  center  of  the  gear  k^  when  the 
stroke  will  become  zero.  In  order  to  adjust  this  crankpin, 
the  screw  n  and  gears  o  and/  are  provided.  The  gear  p  is 
mounted  upon  the  shaft  q^  one  end  of  which  is  squared  to 
receive  a  crank.  A  locknut  K^  Fig.  1,  is  provided  on  the 
shaft,  so  that  when  the  gear  p  has  been  placed  in  the  desired 
position,  the  shaft  q  can  be  locked  and  further  motion  pre- 
vented. The  graduated  scale  r  on  the  body  of  the  machine 
and  the  pointer  s  on  the  ram  serve  to  show  when  the  proper 
position  for  the  desired  stroke  is  reached.  The  vibrating 
arm  /  is  made  very  stiff  and  is  provided  with  a  clamp  piece  /, 
intended  to  prevent  any  spring  in  the  arm.  This  clamp 
piece  is  shown  partly  broken  away  in  Fig.  2  so  as  to  show 
the  gears  behind  it.  The  pinion  u  and  shafts  v  and  tc;, 
together  with  the  clutch  lever  j/,  are  a  part  of  the  back-gear 
arrangement.  The  rest  of  this  back-gear  arrangement  is 
not  shown,  since  it  is  on  the  side  of  the  section  toward  the 
front  of  the  machine,  and  hence  could  not  be  seen  in  this 
view. 


GBARBD   8HAPBS. 

5.     Construction  of  Sliaper. — The  seared  sliaper 

differs  from  the  crank-driven  column  shaper  only  in  the 
method  employed  for  driving  the  ram.  In  the  geared 
shaper  a  rack  is  attached  to  the  under  side  of  the  ram ;  the 
latter  is  driven  by  spur  gearing  in  the  same  manner  as  a 
spur-geared  planer.  The  motion  of  the  ram  may  be 
reversed  by  a  reversing  belt  that  is  alternately  shifted, 
together  with  the  driving  belt,  from  the  tight  to  the  loose 
pulleys;  this  method  is  similar  to  that  employed  for  opera- 
ting the  platen  of  a  spur-geared  planer.     In  some  shaper 
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designs  the  reversing  is. accomplished  by  friction  clutches, 
which  alternately  grip  and  release  the  pulleys  carrying  the 
driving  and  reversing  belts.  These  friction  clutches  are 
operated  by  tappets  attached  to  the  rams;  the  tappets  are 
movable  and  can  be  clamped  anywhere  along  the  ram.  They 
determine  by  their  position  the  length  of  the  stroke  and  the 
position  of  the  ram  at  the  beginning  and  end  of  the  stroke. 


TRAVBLING-HBAD    SHAPER. 
6.    Conatructlon    of  Staaper.  —  A    style   of    shaper 
known   as  a   traveling-head   sliaper   is  used   to    some 
extent  for  work  beyond   the  range  of  the  column  shaper. 


Such  a  shaper  is  shown  in  Fig.  3.  It  has  a  very  rigid  box 
bed  a,  which  carries  the  ram  d  on  top  and  one  or  more 
tables  on   its   side.     The   ram  is  mounted  on  a  saddle  A, 
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which  can  be  moved  along  the  bed  either  by  hand  or  by  an 
automatic  feed.  The  line  of  motion  of  the  saddle  is  at  right 
angles  to  the  line  of  motion  of  the  ram;  the  tool  is  fed 
across  the  work  by  moving  the  saddle.  The  shaper  head  c 
is  fastened  to  the  end  of  the  ram  in  the  same  manner  as  in  a 
column  shaper.  Vertical  slides  m^  m^  which  can  be  moved 
along  horizontal  ways  on  the  front  of  the  bed  and  clamped 
thereto,  carry  the  table  e  and  the  vise  d.  The  table  and 
vise  can  be  moved  in  a  vertical  direction  by  means  of  screws, 
and  can  be  rigidly  clamped  to  the  vertical  slides  in  any  posi- 
tion. The  work  when  small  is  either  fastened  to  the  table 
or  held  in  the  vise ;  if  large,  both  may  be  used  for  support- 
ing and  holding  it. 

With  this  type  of  shaper,  it  is  possible  to  take  cuts  on 
quite  heavy  work,  since  the  work,  on  account  of  being  sta- 
tionary during  machining,  may  be  supported  by  jacks  or 
by  blocking  placed  on  the  floor.  This  cannot  be  done  very 
well  with  a  column  shaper,  where  the  work  is  usually  sup« 
ported  entirely  by  the  table  with  which  it  moves. 

Many  shapers  of  this  class  are  provided  with  a  stud, 
between  the  table  e  and  the  vise  d^  for  holding  work  that  is 
to  be  finished  to  a  radius.  The  stud  is  sometimes  provided 
with  an  automatic  feed  that  turns  it  through  a  small  portion 
of  a  revolution  after  each  stroke  of  the  tool.  By  this  device 
any  curved  work  having  a  radius  less  than  the  distance  from 
the  center  of  the  stud  to  the  bottom  of  the  ram  can  be 
finished.  The  stud  is  sometimes  made  removable,  so  as 
to  leave  a  hole  through  which  long  shafts  can  be  placed. 
This  makes  it  possible  to  cut  keyways  near  the  center  of 
long  shafts. 

* 

7.  DriTlns  Mecliaiilsm. — Fig.  4^  is  a  right-hand  side 
view  of  the  machine  shown  partially  in  section.  Corre- 
sponding parts  have  been  lettered  alike  in  Figs.  3  and  4. 
Power  is  transmitted  from  a  line  shaft  or  countershaft  by  a 
belt  to  the  cone  pulley  /,  which  is  fastened  to  a  splined 
shaft  j  extending  along  the  back  of  the  bed.  The  shaft 
carries  a  pinion  ^,  which  has  a  feather  fitted  to  the  spline. 
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and  consequently  is  free  to  slide  along ,  the  shaft,  but  is 
forced  to  rotate  with  it.  The  pinion  k  meshes  with  the  gear /I 
The  gear/* carries  a  crankpin  /,  which  is  mounted  on  a  slide 
and  can  be  clamped  to  the  gear  at  any  distance  from  the 
center  within  its  range.  A  connecting-rod  n  is  attached  to 
the  crankpin  and  also  at  »'  to  a  block  fitted  to  a  slot  in  the 
ram  b ;  the  block  can  be  clamped  to  the  ram  in  any  position 
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within  the  range  given  by  the  length  of  the  slot.  By  vary- 
ing the  position  of  the  crankpin  f,  the  length  of  stroke  of 
the  ram  can  be  adjusted;  in  order  to  change  the  position  of 
the  ram  so  that  the  tool  will  pass  over  the  surface  to  be 
machined,  the  block  at  n*  is  loosened  and  the  ram  pushed  in 
or  out  by  hand  until  it  is  in  the  desired  position,  when  the 
block  is  again  clamped  to  the  ram. 


8.  Qulck'-Return  Motion. — The  geared  shaper  is  fre- 
quently provided  with  a  quick-return  motion,  as  shown  in 
Fig.  4.  The  gear  /  revolves  on  a  large  pin  or  hub  «.  The 
piece  w  is  secured  to  u  by  the  eccentric  pin  /,  and  is  pro- 
vided with  a  slot  in  its  back  in  which  the  driving  pin  v  is  free 
to  slide.  As  /  revolves  it  forces  w  to  revolve  about  /,  but 
owing  to  the  eccentric  position  of  /,  the  pin  i  makes  one  half 
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revolution  while  the  gear  is  revolving  through  the  angle  or  l^ 
and  the  other  half  while  the  gear  is  revolving  through  the 
angle  Is  o.  By  making  the  former  the  return  stroke  and  the 
latter  the  forward  stroke,  the  tool  is  given  a  slow  advance 
and  a  quick  return. 

SHAPER.  OPERATIONS. 


CUTTING    SPEEDS. 

0*     Influence  of  Style  of  Shaper  on  Cutting  Speed* 

The  proper  cutting  speeds  of  shaper  tools  are  the  same  as 
those  of  planer  tools.  In  a  crank-shaper,  the  average  speed 
of  the  ram  varies  with  the  length  of  the  stroke,  since,  with 
the  belt  on  a  given  step  of  the  cone,  the  shaper  will  make  a 
constant  number  of  strokes  per  minute,  Avhether  they  be 
long  or  short. 

Suppose  the  shaper  makes  60  strokes  per  minute  and  the 
strokes  are  1  foot  long.  Then  the  tool  moves  1  foot  for- 
wards and  1  foot  backwards  in  1  second,  or  2  feet  per  revolu- 
tion ;  this  is  equal  to  a  cutting  speed  of  120  feet  per  minute. 
Suppose  the  length  of  stroke  is  changed  so  that  it  is  1  inch 
long,. but  that  the  machine  continues  to  make  60  revolutions 
per  minute.  Then,  in  1  stroke,  the  tool  moves  2  inches, 
and  in  60  strokes  it  would  move  120  inches,  or  10  feet. 
Now,  in  one  case,  the  cutting  speed  was  120  feet  per 
minute  and  in  the  other  case  it  was  10  feet  per  minute. 
Then,  since  the  average  cutting  speed  depends  on  the  length 
of  the  stroke,  it  follows  that  a  constant  average  cutting 
speed  can  only  be  kept  by  varying  the  number  of  strokes 
per  minute.  For  this  reason,  crank-shapers  are  always  sup- 
plied with  a  cone  pulley  for  the  driving  belt. 

In  geared  shapers,  the  cutting  speed  does  not  vary  with 
the  length  of  stroke,  but  remains  constant,  as  is  the  case  in 
planers.  For  this  reason,  geared  shapers  do  not  require  cone 
pulleys  in  order  to  keep  the  cutting  speed  constant.  Cone 
pulleys  are  often  put  on  geared  shapers  to  provide  different 
speeds  for  different  metals. 
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SHAPER    TOOLS. 

10«  Relationsliip  Bet^reen  Sliaper  and  Planer 
Tools. — As  the  cutting  action  of  the  planer  and  shaper  is 
the  same,  the  same  class  of  tools  can  be  used  on  both.  In 
the  shaper,  as  in  the  planer,  the  shank  of  the  tool  is  always 
in  a  plane  perpendicular  to  the  line  gf  motion  of  the  tool  or 
the  work,  and  hence  the  angle  of  clearance  always  remains 
constant. 

Special  tool  holders  and  inserted  blade  tools  may  be  used 
in  the  shaper  as  well  as  in  the  planer.  Tool  holders,  or  in 
fact  any  tools,  cannot  be  used  effectively  both  on  lathe  and 
planer  or  shaper  work,  on  account  of  the  fact  that  the  angle 
of  front  rake,  or  clearance,  is  constant  in  the  shaper  and 
planer  and  varies  in  the  lathe. 


HOLDING   THE  WORK. 

11.  The  Vise. — Most  of  the  work  done  on  the  shaper 
is  held  in  the  chuck  or  vise.  The  methods  employed  for 
setting  the  work  square  and  true,  so  that  it  may  be  planed 
square  and  parallel,  are  the  same  as  those  used  in  setting 
work  in  the  planer  vise. 

There  are  some  vises  especially  made  for  shaper  work. 
As  a  rule,  the  planer  vise  is  provided  with  no  method  of 
adjusting  the  vise  on  the  base  after  the  work  is  clamped  in 
position,  but  shaper  vises  are  usually  provided  with  a  screw 
by  means  of  which  the  vise  proper  and  the  work  can  be 
adjusted.  Such  a  vise  is  shown  in  Fig.  5.  The  base  of  the 
vise  a  is  clamped  to  the  shaper  table.  By  means  of  the 
graduated  circle  shown  at  *,  the  body  of  the  vise  c  can  be 
set  at  any  desired  angle  with  the  slide  e.  When  set  to  the 
desired  angle,  the  vise  is  clamped  to  the  slide  by  means  of 
the  nuts  shown  in  the  pockets  at  the  sides.  The  slide  e  can 
be  fed  back  and  forth  across  the  base  a  by  a  screw  operated 
by  the  handle  d.  The  body  of  the  vise  c  is  provided  with 
a  fixed  jaw  g  and  a  movable  jaw  h.  The  movable  jaw  is 
adjusted  by  means  of  the  screw  f,  which  is  operated  by  the 
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wrench  f.  After  the  jaw  h  is  in  the  desired  position,  it  is 
secured  by  a  clamp  nut  k.  The  jaws  g  and  //  have  remov- 
able steel  faces.     For  work  on  cylindrical  pieces,  one  of  the 


Fig.  6. 

removable  jaw  faces  is  sometimes  replaced  by  a  V-shaped 
block  that  will  facilitate  the  holding  of  any  cylindrical 
piece  of  work. 

12.  Clamping  Work. — When  work  is  of  such  a  form 
that  it  cannot  be  held  in  a  vise,  the  vise  is  removed  and  the 
work  fastened  to  the  table.  This  is  done  with  bolts,  straps, 
and  clamps  in  a  manner  similar  to  that  in  which  work  is 
fastened  on  the  platen  of  the  planer  table.  Sometimes  toe 
clamps  and  plugs  are  also  employed.  With  traveling-head 
shapers,  very  large  castings  or  forgings  that  have  small  sur- 
faces to  be  machined  are  frequently  blocked  up  in  front  of 
the  machine  on  suitable  jacks  and  blocking,  and  clamped 
either  to  the  table  or  front  of  the  machine  and  then  oper- 
ated on  by  the  tools. 


TAKING   THE   CUT. 

13.  Ranee  of  Utility  of  tfae  Shaper.— For  short 
cuts  on  pieces  of  relatively  small  size,  the  shaper  is  usually 
better  adapted  than  the  planer.  For  cutting  slots  or  key- 
ways,  or  for  cuts  that  terminate  close  to  a  shoulder,  the 
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shaper  possesses  the  advantage  that  it  can  be  more  readily 
set  to  take  a  particular  length  of  stroke,  and  it  will  then  cut 
that  exact  length  of  stroke  each  time.  This  is  true  partic- 
ularly of  the  crank-shapers,  but  only  to  a  limited  extent  is 
it  true  of  geared  shapers.  On  the  planer  or  geared  shaper 
the  reversing  point  is  not  positive,  because  of  the  uncer- 
tainty in  the  slip  of  the  belts  and  the  gripping  of  the  pulleys 
by  the  friction  clutches. 

14.  CuttlniE  a  Key^vay. — Whenever  a  cut  terminates 
in  the  metal,  a  notch  must  be  cut  at  the  end  so  that  the 
tool  will  pass  out  of  the  cut  each  time.  Suppose  that  a  key- 
way  is  to  be  cut  in  the  end  of  a  shaft,  as  shown  in  Fig.  6  {a). 


The  keyway  should  first  be  laid  out  by  scribing  lines  to 
indicate  its  width  and  depth.  At  the  place  where  the  key- 
way  terminates  in  the  shaft,  a  circle  is  described  equal  in 
diameter  to  the  width  of  the  keyway.  In  this  circle  a  hole 
is  drilled,  as  shown  in  Fig.  6  (6),  equal  in  depth  to  that  of 
the  keyway.  The  work  is  then  set  in  the  vise  or  clamped  to 
the  table,  so  that  the  lines  on  the  end  that  indicate  the  sides 
of  the  finished  keyway  are  perpendicular  to  the  shaper  table. 
In  the  case  of  a  fairly  large  keyway,  or  when  no  tool  of  the 
right  width  is  at  hand,  slots  arc  cut  along  the  outside  edges 
of  the  keyway,  as  shown  in  Fig.  6  (c).  This  work  is  done 
with  a  parting  tool.     After  the  slots  have  been  cut,  the 
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metal  shown  at  a^  Fig.  6  (r),  is  reitioved  with  a  square- 
pointed  tool.  If  an  attempt  is  made  to  take  such  a  cut  as 
is  shown  in  Fig.  6  without  first  drilling  or  otherwise  cutting 
out  a  place  for  the  tool  to  run  into,  and  thus  cut  off  the 
shaving,  each  shaving  will  clog  the  slot  slightly,  so  that 
after  a  few  strokes  the  tool  will  strike  with  great  force 
against  solid  metal.  If  .the  cut  is  continued,  the  tool  will 
break,  or  the  work  will  be  pushed  from  the  machine. 

Large  key  ways  are  usually  cut  with  several  settings  of 
the  tool,  as  shown  in  Fig.  6.  Small  keyways  are  often  cut 
by  using  a  tool  just  the  width  of  the  slot.  When  the  key- 
way  is  finished  at  one  cut,  it  is  well  to  drill  two  holes  at  the 
end  and  chip  out  between  them  so  that  the  tool  can  be 
lifted  clear  of  the  work  for  the  back  stroke.  With  a  single 
hole  there  is  danger  of  the  work  catching  the  tool.  When 
the  keyway  is  cut  the  entire  length  of  the  work,  there  is  no 
difficulty  in  lifting  the  tool  for  the  back  stroke.  In  some 
cases  the  keyway  is  planed  a  little  narrower  than  desired, 
with  the  square-nosed  tool,  and  the  sides  are  finished  with  a 
side  tool. 

15*  Cutting  to  a  Shoulder. — Suppose  that  it  is 
necessary  to  take  a  cut  over  the  piece  of  work  shown  in 
Fig.  7,  and  that  the  surface  e  is  to  be  partly  removed  up  to 


PlO.  7. 


the  line  A  B,  as  indicated  by  the  dotted  lines.  Before  this 
cut  can  be  taken  on  the  shaper,  it  will  be  necessary  to  cut  a 
groove  at  ^  ^  equal  in  depth  to  the  amount  to  be  removed. 
This  groove  can  be  cut  with  a  cold  chisel  and  a  hammer  or 
by  first  drilling  a  hole  at  a  and  then  cutting  the  groove  on 
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the  shaper  with  a  parting  tool.  The  part  of  the  surface  e 
indicated  by  dotted  lines  can  then  be  easily  planed  away. 
In  castings,  when  it  is  known  that  such  cuts  as  these  are  to  be 
taken,  much  work  can  be  saved  by  coring  out  a  space  where 
the  cut  is  to  terminate.  This  saves  the  time  required  for 
cutting  a  groove  with  the  chisel  or  by  planing. 

16.     Clamplns  ^Tork  to  the  Saddle.— Work  that  is 

too  high  to  be  placed  on  the  shaper  table,  or  work  that  can- 
not be  clamped  to  the  table  on  account  of  its  shape,  can 
frequently  be  clamped  to  the  saddle.  An  example  of  this 
is  shown  in  Fig.  8,  which  shows  a  pair  of  legs  for  a  lathe 


\ 


clamped  in  position  for  shaping  the  upper  surface.  The 
table  and  vise  are  removed  and  the  work  a  secured  to  the 
saddle  by  bolts  and  blocking.  This  method  of  holding  work 
is  similar  to  attaching  it  to  an  angle  plate  fastened  to  a 
planer  platen. 
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When  work  is  clamped  against  the  front  of  the  saddle,  it 
is  not  always  possible  to  test  the  setting  with  a  surface 
gauge.  This  is  also  occasionally  the  case  when  rather  large 
work  is  clamped  to  the  top  of  the  table.  Then  the  setting 
of  the  work  may  be  tested  by  means  of  a  level  or  by  a 
pointed  ,wire,  a  scriber,  or  a  tool  held  in  the  tool  post,  while 
moving  the  ram  by  hand.  In  some  instances,  the  ram  can 
be  run  out  until  it  extends  clear  over  the  work ;  a  surface 
gauge  can  then  be  inverted  and  held  up  against  the  bottom 
of  the  ram,  along  which  it  is  moved  in  order  to  test  the 
setting  of  the  work. 

1 7.  Rack  Cuttlns* — In  some  cases  the  shaper  may  be 
used  as  a  rack  cutter.  The  vise  is  set  with  the  jaws  at  right 
angles  to  the  line  of  motion  of  the  tool,  and  the  rack  blank 
is  clamped  in  it.  A  tool  having  its  cutting  edge  formed  to 
give  the  correct  shape  of  tooth  is  set  in  the  tool  post,  and  is 
fed  down  into  the  work,  thus  cutting  out  the  space  between 
two  teeth  of  the  rack.  The  work  is  then  moved  sidewise 
the  correct  distance  to  cut  the  second  space,  and  the  tool  is 
again  fed  into  the  work  to  the  same  depth  as  before. 

For  comparatively  rough  work,  the  spacing  of  the  teeth 
may  be  laid  out  on  the  face  of  the  rack,  and  the  tool  set  as 
near  as  can  be  judged  to  the  marks  by  moving  the  saddle 
by  means  of  the  feed-screw.  A  better  way  is  to  use  the 
feed-screw  as  a  spacing  device.  When  the  feed-screw  is 
used  for  spacing  the  teeth,  it  is  treated  as  a  micrometer 
screw.  The  pitch  of  the  screw  is  measured  and  a  calcula- 
tion  made  to  see  how  many  turns  and  what  part  of  a  turn 
will  be  necessary  to  advance  the  work  one  tooth.  To  make 
the  fraction  of  a  turn,  it  is  necessary  to  provide  some  kind  of 
an  index  on  the  feed-screw.  Frequently  one'  of  the  change 
gears  belonging  to  a  lathe  can  be  clamped  on  the  screw  and 
used  as  an  index  plate. 

ExAHPLB. — Let  it  be  required  to  cut  a  rack  to  mesh  with  a  4  diame- 
tral pitch  gear.  (The  circular  pitch,  or  distance  from  the  center  of 
one  tooth  to  the  center  of  the  next  on  the  pitch  line,  for  4  diametral 
pitch  is  equal  to  .785  inch.)  The  work  is  to  be  done  in  a  shaper  having 
4  threads  per  inch  on  the  feed-screw  for  the  saddle. 
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Solution. — If  the  feed-screw  has  4  threads  per  inch,  each  turn  of 
the  leadscrew  will  advance  the  saddle  1  +  4  =  .25  inch.  As  the  cir- 
cular pitch  of  the  rack  is  .785  inch,  it  will  be  necessary  to  make 
.785  +  .25  =  3^^  =  3^  turns  of  the  feed-screw  to  move  the  work 
from  one  tooth  of  the  rack  to  the  next.  A  50-tooth  gear  may  be 
attached  to  the  leadscrew  and  the  screw  given  three  turns  and  then 
moved  far  enough  to  carry  seven  teeth  of  the  gear  past  some  fixed 
point.  If  no  50-tooth  gear  is  at  hand,  it  will  be  necessary  to  select 
another ;  as  ^  is  very  nearly  ^,  it  would  not  result  in  a  serious  error  if 
the  screw  were  only  given  d^  revolutions.  To  accomplish  this,  a 
28-tooth  gear  could  be  used  and  the  screw  given  three  turns  and  then 
moved  four  teeth  farther. 


SPRING  OF  MACHINE  AND  WORK. 

18.  Spring:  of  tlie  Ram. — The  chances  that  the  tool 
and  the  work  will  spring  are  greater  in  the  shaper  than  in 
the  planer. .  In  the  shaper,  there  is  a  tendency  for  the  tool 
to  spring  away  from  the  cut ;  this  is  due  to  the  lack  of  abso- 
lute rigidity  in  the  ram,  and  also  to  the  looseness  of  the 
guides  in  which  the  ram  slides.  When  the  stroke  is  very 
long,  the  tendency  of  the  ram  to  spring  is  greater  than  when 
the  stroke  is  short.  This  is  due  to  the  fact  that  in  a  long 
stroke  the  ram  has  to  extend  a  long  way  from  the  column. 
When  taking  a  short  stroke,  the  work  should  always  be  set 
as  close  to  the  column  as  possible. 

On  account  of  the  excessive  spring  of  long  shaper  rams, 
the  average  stroke  of  shapers  is  about  10  to  16  inches,  and 
few  exceed  30  inches.  When  the  stroke  of  a  shaper  exceeds 
30  inches,  it  is  necessary  to  make  the  ram  very  heavy  and 
rigid. 

4 

19.  Sprins  of  the  Work. — The  spring  of  the  work 
itself  and  the  sag  of  the  table  supporting  it,  especially  if 
increased  by  any  looseness  of  the  gibs  holding  the  saddle  to 
the  cross-rail,  are  fruitful  sources  of  error.  Errors  due  to 
these  causes  are  made  still  larger  by  the  action  of  the  cut- 
ting tool,  which,  in  forcing  its  way  through  the  work,  tends 
to  spring  it  still  farther  away  from  the  machine. 
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SPECIAL  SHAPERS. 


THE  DRAW-CUT  SHAPBR. 
20.  Description  of  Draw-Cut  Staaper. — In  order 
to  overcome  as  far  as  possible  the  errors  due  to  the  spring;- 
ing  away  of  the  work  and  the  table  as  the  tool  advances, 
shapers  have  been  designed  in  which  the  cutting  is  done 
during  what  would  be  termed  the  return  stroke  in  the  ordi- 
nary shaper.  In  other  words,  the  tool,  instead  of  being 
pushed  across  the  work  by  the  ram,  is  drawn  across.  From 
this  fact,  machines  of  this  class  derive  the  name  of  dra«r- 
cut  shapers. 


Fig.  9  is  an  illustration  of  such  a  machine.  It  will  be 
noticed  that  in  general  appearance  it  does  not  differ  from 
the  ordinary  column  shaper.     Since  it  is  intended  to  cut 
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while  the  shaper  head  is  moving  toward  the  body  of  the 
machine,  the  tool  block  a  is  reversed  on  the  ram  b  in  order 
to  allow  the  tool  to  swing  away  from  the  work  while  the 
ram  is  moving  outwards.  When  the  ram  draws  back  into 
the  machine,  the  tool  block  swings  to  its  seat.  As  a  matter 
of  course,  the  tool  must  be  set  in  the  opposite  direction  from 
that  which  it  occupies  in  the  ordinary  shaper;  that  is,  its 
cutting,  edge  must  be  toward  the  ram. 

21.  Advantages  of  tlie  Draw-Cut. — For  some  kinds 
of  work  a  draw-cut  possesses  distinct  advantages.  When  a 
cut  is  being  taken,  the  pressure  due  to  the  tool  forcing  its 
way  through  the  metal  is  exerted  toward  the  machine;  in 
the  case  of  work  clamped  to  the  saddle  especially,  it  tends  to 
hold  the  work  more  securely.  Furthermore,  in  case  of  work 
bolted  to  the  table  or  held  in  the  vise,  this  pressure  partly 
relieves  the  cross-rail  of  the  stresses  to  which  it  is  subjected 
by  the  weight  of  the  table,  vise,  and  work.  In  many  cases, 
great  rigidity  can  be  secured  by  putting  blocking  or  jacks 
between  the  work  and  the  face  of  the  machine,  thus  greatly 
reducing  the  spring  of  the  work  and  the  machine  during  the 
cutting  operation. 

•  ,         III 

OPEN-SIDE  PLATE  PLANER. 

22.  Description  of  Open-Side    Plate  Planer.— A 

modification  of  a  planing  machine  designed  for  planing  the 
edges  of  steel  and  iron  plates  is  shown  in  Fig.  10.  This 
machine  is  known  as  an  open-side  plate  planer. 
Though  commonly  called  a  planer,  it  is  really  a  modifica- 
tion of  the  shaper,  on  account  of  the  fact  that  the  work 
remains  stationary  during  the  cutting  operation,  while  the 
tool  moves. 

The  machine  illustrated  is  arranged  to  plane  one  side  and 
one  end  of  the  plate  at  the  same  setting.  The  plate  is  sup- 
ported on  the  tables  a  and  b^  and  is  held  in  place  by  jacks/ 
that  butt  against  the  girder  c.  The  traveling  head  d  car- 
ries the  tools  for  planing  the  edge  of  the  work.  It  is  pro- 
vided with  two  tool  heads  set  in  opposite  directions,  so  that 
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the  tool  in  one  cuts  when  the  head  is  traveling  in  one  direc- 
tion and  the  tool  in  the  other  when  the  head  is  traveling  in 
the  opposite  direction.  These  tool  heads  are  controlled  by 
the  screws  e  and  f.  The  head  d  slides  on  guides  g^  and  is 
fed  backwards  and  forwards  by  a  screw  driven  by  the  pulley 
shown  at  Ju  As  there  .are  tools  to  cut  in  each  direction,  the 
pulleys  at  n  are  both  the  same  size.  For  planing  the  end  of 
the  plate,  a  head  i  fitting  on  a  guide  k  is  provided.  The 
guide  k  is  adjustable  through  an  angle  of  about  10°  each 
way,  and  can  be  clamped  to  the  base  /.  .  This  provides  for 
the  planing  of  the  ends  of  plates  at  angles  slightly  more  or 
less  than  90°  with  their  edges.  The  head  /  is  provided  with 
a  single  tool  clamp,  and  cutting  is  done  in  one  direction 
only.  As  the  tool  on  i  cuts  in  one  direction  only,  a  quick- 
return  motion  is  provided  by  driving  the  feed-screw  on  the 
cutting  stroke  by  the  pulley  m  and  on  the  return  stroke  by 
the  pulley  «.  The  length  of  cut  made  by  the  tools  in  either 
head  is  adjusted  by  shifting  the  tappets  o  and  /  so. that  they 
engage  the  blocks  r  r  at  the  proper  time  to  shift  the  belts. 


SHAPERS    FOR    SPECIAL    WORK. 

23*  Use  of  Shapers  for  Special  Work. — In  manu- 
facturing any  special  line  of  machinery  the  cost  of  the  work 
can  very  often  be  greatly  reduced  by  employing  special  tools 
for  carrying  on  certain  operations.  Tools  of  the  shaper  class 
are  especially  serviceable  for  this  class  of  work.  There  are 
two  general  classes  of  special  shapers,  namely,  portable  and 
stationary.  For  very  large  work  portable  shapers  are  very 
handy  for  planing  small  bosses  and  other  small  surfaces  on 
castings,  the  shaper  being  bolted  to  the  casting  on  which  it  is 
operating  or  being  bolted  to  an  iron  floor  or  floor  plate  at  the 
side  of  the  casting.  Such  tools  are  generally  electrically 
driven  or  driven  by  a  rope  belt.  Very  often  such  a  tool  can  be 
placed  upon  a  casting  on  the  erecting  floor  and  certain 
machine  operations  carried  on  while  the  work  of  erecting  is  in 
progress,  or  two  or  more  of  the  portable  special  machines  may 
be  operating  on  the  casting  at  once.     The  special  shapers  of 
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the  stationary  type  are  usually  somewhat  larger  than  the  port- 
able ones,  and  are  occasionally  provided  with  more  than  one 
r^m,  so  that  more  than  one  surface  can  be  finished  at  a 
time. 

24.     Example  of  Sbaper  for  Special  Work. — The 

segments  of  large  flywheels  are  frequently  joined  by  links, 
as  shown  in  Fig.  11.     The  faces  a,  a  of  the  segments  are 


PIO.  11. 

finished  to  the  correct  angle,  so  that  when  placed  together 
they  make  a  closed  joint  at  the  hub  and  rim,  as  shown  at  b  b. 
At  the  rim  the  segments  are  held  together  by  steel  links 
placed  on  each  side  of  the  wheel  in  suitable  recesses.  One 
of  these  links  is  shown  at  d.  The  links  are  placed  in  the 
recesses  while  hot,  and  on  cooling  they  shrink,  thus  drawing 
the  joints  closely  together.  The  shrinkage  allowance  that 
is  necessary  to  hold  segments  together  is  calculated,  and  the 
links  are  made  so  that  the  distance  e.  Fig.  11,  is  the  same  in 
all.  In  order  that  the  heads  of  the  links  may  have  a  good 
bearing  on  the  shoulders  ^,  c  of  the  recesses,  it  is  necessary  to 
machine  these  shoulders  to  exact  dimensions  and  make  sure 
that  the  shoulders  are  an  exact  distance  from  the  surface  b  b. 
In  one  shop  the  problem  of  properly  machining  these  recesses 
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has  been  solved  by  the  use  of  the  machine  shown  in  Fig.  1%. 
This  is  a  special  double-headed  shaper.  A  heavy  base  a 
contains  the  driving  gearing  by  which  the  rams  are  operated 
and  carries  the  work  table  i.  The  base  a  is  T-shaped,  having 
a  short  projection  on  the  back  side  (or  supporting  the  arm  of 
the  segment  being  operated  on.  Both  rams  are  driven  by 
means  of  a  belt  on  a  pulley  i  that  operates  a  gear-train,  and 


through  it  the  mechanism  inside  of  the  bed  a.  The  rams  c 
and  n^  carry  the  feed-mechanism.  The  work  tTis  placed  on 
a  table  as  shown,  and  the  rams  are  so  adjusted  that  the 
tools  will  take  the  desired  cuts  in  the  recesses  on  opposite 
sides  of  the  work.  A  larger  view  of  one  of  the  heads  is 
shown  in  Fig.  13.     The  tool/  is  carried  at  the  end  of  a  bar, 
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or  arm,  o.  The  machine  is  provided  with  power  feeds  both 
for  vertical  and  horizontal  cuts,  the  slide  e  being  arranged  to 
feed  the  tool  horizontally  and  the  slide  k  to  feed  the  tool 
vertically.  When  feeding  by  hand,  the  horizontal  feed  is 
controlled  by  a  crank  on  the  shaft  n  and  the  vertical  feed 
by  a  crank  on  the  shaft  m.  The  rams  c  and  d^  though  both 
driven  by  the  same  mechanism,  can  be  operated  independ- 
ently of  each  other.  The  castings  for  the  wheels  are  cored 
out  at  the  back  of  the  surface  to  be  cut,  so  as  to  allow  the 
tool  an  opportunity  to  run  out  of  the  cut  at  the  back  end  of 
its  stroke.  By  means  of  this  machine  the  surface  c  against 
which  the  shoulders  of  the  links  bear,  as  shown  in  Fig.  11, 
and  also  the  vertical  surface  against  which  the  bodies  of  the 
links  bear  near  c^  are  machined  so  as  to  fit  the  links  accu- 
rately. While  such  special  machines  frequently  cost  a  large 
sum  of  money,  the  saving  that  they  effect  more  than  pays 
for  the  investment  where  the  line  manufactured  is  pf  such  a 
nature  that  there  is  a  considerable  amount  of  duplicate  work. 


THB   SLOTTING    MACHINE. 

25.  Ctiaracteristic  Features  of  ttie  Slottlnic 
Mactilne. — The  slotting  machine  is  a  modification  of 
the  shaper  and  is  similar  to  it  in  many  respects.  In  the 
slotting  machine,  however,  the  ram  moves  vertically  instead 
of  horizontally.  It  is  used  for  finishing  flat  or  curved  sur- 
faces at  right  angles  to  a  horizontal  surface  of  the  work. 
The  slotting  machine  derives  its  name  from  the  fact  that  it 
was  originally  intended  for  cutting  slots  or  keyways  in 
gears  or  pulleys,  but  it  is  now  used  for  a  large  variety  of  work, 
where  it  is  desired  to  produce  vertical,  flat,  or  curved  sur- 
faces. A  machine  of  this  class  is  illustrated  in  Fig.  14.  It 
consists  of  a  rigid  frame  M^  carrying  a  platen  or  table  F  on 
which  the  work  is  secured.  The  tool  is  clamped  to  the 
head  Z,  on  the  end  of  the  ram  A.  Power  is  transmitted  to 
the  ram  from  the  pulley  -£,  through  a  pair  of  gears  -A^  to  the 
crank-disk  B.  The  crankpin  O  is  adjustable  in  a  slot  in  the 
crank-disk  B.     The  connecting-rod  C  takes  hold  of  the  pin  P, 
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The  pin  Pis  adjustable  in  the  slot  in  the  ram  A,  so  that  the 
position  of  the  ram  in  relation  to  the  work  can  be  changed 
so  as  to  cause  the  tool  to  cut  at  any  desired  portion  of  the 
work.  The  length  of  the  stroke  is  determined  by  the  posi- 
tion of  the  pin  Oin  the  slot  in  B.  The  ram  is  provided  with 
a  counterbalance  weight  D.     The  platen  P  is  mounted  on  a 


base  that  can  be  moved  longitudinally  in  two  directions  at 
right  angles  to  each  other  across  the  base  of  the  frame  M. 
The  platen  F  can  also  be  rotated  by  means  of  a  circular 
rack  Q  and  a  worm  controlled  by  the  handle  //.  Power  feed 
is  provided  by  means  of  a  rod  and  telescopic  shaft  as  shown 
at  G,  G  and  a  suitable  set  of  gearing  on  the  front  of  the 
machine.     The  amount  of  feed  is  controlled  by  adjusting  a 
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pin  in  the  slot  upon  the  crank-plate  K,  The  slotter  is  very 
similar  to  the  crank-shaper,  both  in  the  manner  of  driving 
the  ram  and  in  the  adjustment  of  the  feed  for  the  table. 
The  end  of  the  ram  L  carries  two  sets  of  tool  clamps,  which 
provide  for  fastening  tools  in  two  different  positions  at  right 
angles  to  each  other. 

26.  Settlns  ttie  Ram. — When  adjusting  the  slotter  ram 
for  a  given  piece  of  work,  the  ram  should  be  so  adjusted  that 
the  edge  of  the  tool  will  pass  by  the  lower  edge  of  the  work, 
but  not  touch  the  platen.  To  set  the  ram,  it  should  be  let 
down  so  that  the  tool  rests  on  a  piece  of  wood  or  soft  metal 
on  the  platen.  The  machine  is  then  turned  by  hand  so  that 
the  crankpin  O  is  at  the  lowest  part  of  the  stroke,  after 
which  the  bolt  P  is  tightened.  •  When  the  ram  is  raised,  the 
spacing  strip  may  be  removed  from  under  the  tool,  and,  for 
each  stroke,  the  tool  will  stop  short  of  the  platen  a  distance 
equal  to  the  height  of  the  spacing  strip. 


8LOTTBR  OPBRATION8. 

27.  Settlnif  tlie  Work. — In  planer  work,  a  surface 
gauge  can  be  used  and  the  work  set  so  that  the  line  indica- 
ting the  edge  of  the  surface  to  be  machined  is  parallel  with 
the  platen.  The  setting  of  slotter  work  cannot  be  tested  in 
this  way,  because  the  line  of  motion  of  the  tool  is  at  right 
angles  to  the  surface  of  the  platen  instead  of  parallel  to  it. 
The  work  must  be  clamped  to  the  platen,  so  that  the  line 
indicating  the  edge  of  the  surface  to  be  cut,  shown  by  the 
dotted  line  A  B^  Fig.  15,  is  perpendicular  to  the  platen. 
This  may  be  tested  with  a  square.  Parallel  strips,  or 
blocks,  r,  c  must  be  put  under  the  piece  in  order  to  raise  it 
above  the  platen,  so  that  the  tool  may  pass  entirely  over  the 
surface  to  be  machined.  After  the  work  is  set  true,  a  tool 
is  clamped  in  the  ram,  and  the  work  is  brought  under  it,  so 
that  the  tool  joint  just  comes  to  the  line  scribed  on  the 
work.  The  setting  of  the  work  is  then  tested  by  moving 
the  platen  past  the  tool  point,  and  noting  if  the  line  follows 
the  tool  point.     If  it  fails  to  do  so,  the  platen,  and  hence 
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the  work,  may  be  revolved  so  that  the  point  of  the  tool  will 
just  follow  the  line.  The  work  will  then  be  set,  and  be 
ready  for  the  cutting  operation. 


Fig.  15. 

Bolts,  pins,  angle  plates,  and  special  holding  devices  may 
be  used  for  holding  work  on  the  slotter  platen  in  the  same 
way  that  they  are  used  on  the  planer  platen  or  shaper  table. 

28.  .Clampins  tlie  Work. — The  work  to  be  operated 
on  is  clamped  to  the  platen  in  the  same  manner  in  which 
work  is  claniped  to  a  planer  platen  or  shaper  table.  The 
same  care  is  necessary  in  setting  the  work  true  and  clamping 
it  so  that  it  will  not  be  sprung  out  of  shape. 

The  work  for  the  slotter  should  be  laid  out  with  lines  to 
work  to.  These  lines  are  necessary  in  setting  the  work,  on 
account  of  the  fact  that  when  a  flat  surface  is  to  be  planed, 
the  line  indicating  the  finished  edge  of  that  surface  must  be 
set  parallel  to  one  of  the  slides  of  the  table. 

29.  Cuttlnsr  Circular  Surfaces. — When  cutting  cir- 
cular surfaces  on  the  slotter,  the  work  must  be  set  so  that 
its  axis  coincides  with  the  axis  of  rotation  of  the  platen. 
For  instance,  if  a  cylindrical  surface  having  a  radius  of 
10  inches  is  to  be  finished  in  the  slotter,  the  work  must  be 
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set  so  that  the  center  around  which  the  radius  is  described 
is  in  the  axis  of  rotation  of  the  table,  and  the  platen  must 
be  adjusted  so  that  the  point  of  the  tool  is  at  a  distance  of 
10  inches  from  the  center.  The  feeding  is  done  by  rotating 
the  platen  slightly  after  each  down  stroke  of  the  ram. 

To  aid  in  setting  work  having  cylindrical  surfaces,  con- 
centric circles  are  usually  marked  on  the  platen  and  may  be 
used  as  guides ;  or,  a  cylindrical  stake  may  be  fitted  to  the 
center  hole  of  the  platen  and  used  to  measure  from.  In 
either  case,  after  the  work  is  set,  it  is  best  to  revolve  it  past 
the  point  of  the  tool  to  be  sure  that  it  is  correctly  set.  This 
applies  to  internal  as  well  as  external  cylindrical  surfaces. 


30.  Slotter  Tools. — Many  of  the  tools  used  for  the 
slotter  are  different  in  appearance  from  those  used  for  either 
planer  or  shaper  work.     The  cutting  edge  is  formed  on  the 

end  of  the  bar  so  that  it  cuts 
when  pushed  endwise,  and  it 
is  therefore  under  compression. 
Fig.  16  (a)  shows  a  forged  rough- 
ing tool  for  the  slotter.  The 
shank  is  generally  made  square, 
and  the  end  is  forged  so  that  it 
is  about  like  a  parting  tool.  The 
cutting  face  that  turns  the  sha- 
ving is  on  the  end.  To  show  the 
angles  of  rake  and  clearance  in 
this  tool,  draw  the  line  A  B  in 
Fig.  16  (a)  parallel  to  the  top  of 
the  platen ;  C  Z?  perpendicular  to 
-^  ^  at  the  point  O  of  the  tool ; 
E  F  along  the  end  of  the  tool, 
and  If  K  along  the  side  of  the  tool.  The  angle  D  O  K  is 
the  angle  of  clearance,  and  the  angle  B  OF  the  angle  of 
front  rake.  It  may  be  seen  from  this  that  these  angles  are 
measured  at  right  angles  to  the  direction  in  which  they  are 
measured  on  a  planer,  shaper,  or  lathe  tool.  When  the 
slotter  tool  is  carried  at  the  end  of  the  ram  so  that  its  shank 


PlO.  16. 


§^ 


SHAPER  AND   BLOTTER  WORK. 


73 


is  at  right  angles  to  the  line  of  motion,  the  clearance  angle 

and  the  angle  of  front  rake  are  measured  in  the  same  way  as 

on  a  planer  tool.     When  slotter  tools  are 

forged  from  the  bar,  they  are  made  with 

narrow  points  for  roughing  cuts    and 

wide  points  for  finishing  cuts,  as  is  done 

in  planer  work.     It  is  not  possible,  how- 
ever, to  use  such  coarse  feeds  for  finish- 

ing  work  on  the  slotter  as  can  be  done 

on  the  planer.  , 

For  the  slotter,  a  good  roughing  tool 

for  flat  work  may  be  forged  with   the 

blade  diagonally  across  the  shank  of  the 

tool,  as  shown  in  Fig.  16  {b). 

When  slotter  tools  for  cutting  key  ways 

are  forged  from  the  solid  bar,  they  are 

shaped  as  shown  in  Fig.  17,  the  cutting 

edge  being  along  the  line  A  B,     If  the 

slots  are  long,  it  requires  a  long,  slim 

blade  to  reach  through  the  work.     When  such  slim  tools  are 

used,  they  spring  away  from  the  work 
considerably,  and,  consequently,  time 
and  care  is  necessary  to  complete  the 
cut. 

31.  Slotter  Bars  With  Fixed 
Tools. — The  ordinary  forged  slotter 
tools  require  a  large  amount  of  steel, 
are  heavy  to  handle,  difficult  to  main- 
g^  tain  in  good  condition,  and  require  a 
large  amount  of  space  for  storing  them, 
on  account  of  their  size.  To  permit  the 
use  of  small  steel  tools  in  the  slotter, 
various  forms  of  slotter  bars  have  been 
devised,  one  of  the  most  common  forms 
of  which  is  shown  in  Fig.  18.  This 
consists  of  a  rectangular  body  ^,  through  which  the  bolt  b  is 
fitted.    The  bolt  b  is  held  in  position  by  a  nut  and  washer  at  c. 
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The  lower  end  of  the  bolt  is  slotted  to  receive  the  tool  d. 

The  tool  rests  against  the  head  of  the  bolt  e.     The  bar  a 

is  clamped   to   an   ordinary   slotter   head    by   the   regular 

clamps  /  and  g.     The  bolt  b  can  be  revolved  in  such  a  way 

that  the  tool  d  extends  from 

the  bar  at  any  desired  angle. 

This  device  facilitates  the  use 

of  ordinary  small   planer  or 

shaper  tools   in   the   slotter. 

The  bar  a  can  be  adjusted  up 

or  down  under  the  clamps  f 

and  g  to  some  extent. 

While  this  makes  a  fairly 
rigid  bar  for  short  work,  it 
is  not  practicable  for  a  long 
bar,  and  hence  bars  of  the 
form  shown  in  Fig,  19  are  fre- 
quently used.  In  this  case  the 
regular  clamps  have  been  re- 
moved from  the  slotter  head 
and  two  special  clamps  .£,£ 
substituted  for  them.  These 
are  held  against  the  end  of 
the  ram  by  the  bolts  b,  b.  The 
slotter  bar  c  passes  through 
holes  in  the  clamps  and  is 
held  in  position  by  the 
bolts  a,  a.  A  small  steel  tool 
is  fitted  in  a  slot  in  the  lower 
end  of  the  bar  c  and  secured 
by  a  setscrew,  as  shown. 
The  cylindrical  form  of  the 
bar  c  permits  of  its  being 
rotated  so  as  to  bring  the 
tool  or  cutter  to  any  desired 
angle  of  the  work.  This  will  be  found  advantageous  when 
slotting  out  irregular  forms  having  internal  angles,  such 
as  square  holes.     The  cutter  blades   or  tools   are   rigidly 
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fixed  in  both  of  the  forms  of  bars  shown  in  Figs.  18  and  19, 
and  hence,  on  the  return  stroke  the  tool  drags  over  the 
work.  If  the  tool  is  sharp,  it  will  usually  cut  true  enough  so 
that  the  bar  will  be  sprung  very  little  on  the  return  stroke, 
and  the  dragging  of  the  tool  will  not  injure  the  edge  of  the 
tool  materially.  If,  however,  the  tool  is  given  too  much 
top  rake,  the  edge  may  break  or  crumble  off  on  the  return 
stroke.  The  feeding  of  the  work  does  not  occur  until 
the  tool  has  returned  to  the  top  of  the  stroke,  and  hence 
the  edge  is  out  of  harm's  way  during  the  operation  of 
feeding. 

32.  Slotter  Bars  Witti  Tool  Blocks. — Some  heavy 
slotter  bars  are  made  with  tool  blocks  in  the  lower  end  that 
are  pivoted  in  the  same  way  that  the  tool  block  on  the  head 
of  a  shaper  or  planer  is  pivoted,  so  that  on  the  return  stroke 
the  tool  will  lift  away  and  not  drag  on  the  surface  of  the 
work.  In  such  a  bar  the  weight  of  the  tool  would  naturally 
cause  the  block  to  hang  away  from  the  work  at  all  times, 
and  hence  it  is  necessary  to  provide  springs  for  holding  the 
block  against  its  seat.  Sometimes  the  slotter  tools  them- 
selves are  drilled  and  fitted  on  pins  and  held  in  place  by 
springs,  so  that  the  tool  itself  becomes  a  swinging  block. 
Care  must  be  taken  with  bars  of  this  class  to  see  that  the 
springs  always  hold  the  block  or  tool  against  its  seat,  and  to 
avoid  the  possibility  of  dirt  accumulating  under  the  tool  or 
block,  for  if  the  tool  is  not  firmly  seated  when  the  cut 
begins,  it  will  come  down  against  its  seat  suddenly  and  is 
liable  to  gouge  into  the  work. 
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33.  Stacking  Work. — Frequently  a  number  of  pieces 
of  the  same  class  are  to  be  finished  at  once.  If  these  pieces 
are  thin,  much  time  may  be  saved  by  piling  up  a  number  of 
them  and  clamping  all  to  the  platen  so  that  the  cut  may 
extend  across  the  entire  pile.     Fig.  20  shows  an  illustration 
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of  this  class  of  work  in  which  two  engine  links  a  and  b  have 
been  placed  one  upon  the  other  and  clamped  to  the  slotter 
table,  parallel  strips  being  placed  under  the  work,  as  shown 
at  ^,  Cy  and  the  tool  set  so  as  to  cut  both  pieces  at  one  time. 
Care  must  be  taken  in  setting  the  parallels  to  see  that  they 
are  placed  so  that  the  work  is  supported  close  to  the  clamps, 
thus  reducing  the  tendency  to  spring.  In  the  piece  shown 
five  parallel  strips  are  used  and  the  work  is  secured  by  bolts 
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through  the  regular  bolt  holes  of  the  piece.  Frequently 
the  work  is  secured  by  means  of  blocks  and  clamps.  It  is 
possible  to  pile  up  as  many  pieces  as  the  stroke  of  the 
machine  can  accommodate.  Locomotive  frames  and  similar 
pieces  are  usually  finished  in  this  way,  and  frequently  spe- 
cial slotting  machines  having  several  heads  that  can  operate 
on  different  parts  of  the  frame  at  the  same  time  are  pro- 
vided for  such  work  as  slotting  locomotive  frames. 

34.  Takinfjr  Two  Cuts  at  Once. — Fig.  21  shows  a 
piece  of  work  clamped  to  the  platen  and  ready  for  the  cut. 
•The  work  is  a  U-shaped  forging  that  is  to  be  finished  on  its 
inside  surfaces.  The  curved  part  of  the  piece  has  been 
bored  to  a  diameter  equal  to  the  width  between  the  surfaces 
when  finished.  A  very  heavy  slotter  bar  b  is  used  with  a 
blade  a,  which  projects  at  each  side.  This  blade  is  made 
the  correct  length,  and  with  cutting  points  at  each  end; 
when  set  so  that  it  will  just  pass  through  the  bored  part,  it 
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is  correctly  set  to  take  the  finishing  cut,  which  it  does  by 
cutting  both  surfaces  at  the  same  time. 


Pig.  si. 

35«  Gear-Cuttins  on  ttie  Slotter. — The  slotting  ma- 
chine is  often  used  for  special  kinds  of  work.  It  is  well  adapted 
for  cutting  internal  gears  or  for  cutting  very  large  spur  gears. 

Fig.  22  shows  a  part  of  a  slotter  and  a  large  internal  gear 
that  it  is  cutting,  A  part  of  the  gear  is  shown  at  a.  This 
rests  on  a  plate  c  that  has  been  accurately  notched  with  as 
many  notches  in  its  periphery  as  there  are  teeth  to  be  cut 
in  the  gear.      The  plate  is  fastened  to  the  gear,  and  is 
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mounted  on  the  platen  of  the  slotter.  Clamps  r/,  d  are  fast- 
ened to  the  platen  for  clamping  this  index  plate  and  for 
carrying  the  stop-pin  that  holds  the  index  plate  in  place. 
A  stop  e  with  check-nuts  on  either  side  is  used  to  regulate 
the  depth  of  each  tooth.  The  cutter  or  tool  used  for  this 
gear  is  shaped  to  the  correct  outline  to  the  teeth.  This 
cutter  /  is  carried  in  a  special  block  fastened  to  the  end  of 
the  ram.     A  similar  tool  block  is  shown  at  g  and  a  tool  at  h. 
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As  soon  as  one  tooth  space  is  cut,  the  stop-pin  in  the  clamp  d 
is  pulled  from  the  index  plate  and  the  blank  is  revolved  until 
the  stop- pin  will  slip  into  the  next  notch  of  the  index  plate. 
After  clamping,  a  second  notch  is  cut  in  the  blank,  and  so 
on  until  all  the  teeth  are  finished. 

Very  large  gears  may  be  cut  in  this  way  when  supported 
properly  on  bearings  away  from  the  platen,  so  that  the  edge 
of  the  blank  rests  on  the  platen  and  is  free  to  slide  on  its 
outer  support  an  amount  equal  to  the  depth  of  the  tooth. 
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The  action  of  the  slotter  is  in  so  many  respects  similar  to 
that  of  the  shaper  and  planer  that  a  thorough  understand- 
ing of  these  will  enable  one  in  a  short  time  to  successfully 
handle  the  slotter.  

KEYWAY  Cutters. 

36.  Description  of  Keyway  Cutter. — Another  form 
of  machine  similar  to  the  slotter  and  the  draw-cut  shaper  is 
the  keyway  cutter.  This  machine  is  especially  designed  for 
cutting  key  ways  in  the  hubs  of  gears,  puUeys.or  similar  pieces. 


Fig.  33  shows  a  keyway  cutter  operating  on  the  hub  of  a 
pulley,  part  of  the  rim  being  removed  to  show  the  hub. 
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The  cutter  bar  a  is  operated  from  beneath  by  a  ram 
driven  by  gearing,  in  a  manner  similar  to 
that  in  which  a  geared  shape r  is  driven. 
A  table  l>  supports  the  worlc,  which  is  fed 
automatically  against  the  cutter  c  in  the  bar. 
The  overhanging  arm  </,  which  is  supported 
on  the  column  e,  gives  support  to  the  upper 
end  of  the  cutter  bar.  The  cutter  bar  is  in 
two  parts,  which  may  be  screwed  together. 
Fig.  24  shows  the  parts  unscrewed,  and  also 
shows  the  method  of  clamping  the  cutter  in 
the  bar.  The  cutter  passes  through  the  slot  a 
and  is  clamped  by  the  setscrew  b.  These  bars 
are  made  in  various  sizes  to  accommodate 
different  sizes  of  work. 

Fig.  25  shows  a  cutter  for  cutting  keyways. 

The   shank  5  fits  the  cutter  bar,  while  the 

part    C  does   the   cutting,  the  cutting  edge 

being  along   the   line  A  B.       These    cutter 

Pio.  M.  blades     are     accurately    made    of    different 

widths    for    cutting    keyways    of    standard    sizes.     When 

sharpened,   the  sides  are   not 

ground,    the    grinding    being 

done  on   the   bottom   face. 

37.  CuttlDK  Racks  on 
a  Keyway  Cutter. — While 
the  keyway  cutter  is  designed 
particularly  for  certain  classes 
of  work,  it  is  possible  to  do  a 
number   of    other    classes    of  „     „ 

A  FlO.«k 

work    on    the     machme.      A 

method  of  fitting  up  the  machine  for  cutting  racks  is  illus- 
trated in  Fig.  86.  A  cutter  blade  that  will  produce  the 
desired  tooth  form  is  used  and  the  rack  clamped  to  the 
table,  as  shown  in  the  illustration.  The  graduated  feed- 
screw a  is  used  to  space  the  teeth  and  the  cross  feed- 
screw b  to  set  the  work  for  the  proper  depth  of   tooth. 
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By  the  use  of  specially  formed  cutters  and  some  special 
attachments,  many  kinds  of  work  similar  to  racks  can  be 
done  on  the  keyway  cutter. 
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38.  Machine  BroachloK. — In  order  to  work  more  rap- 
idly, machine  broaching  is  sometimes  resorted  to.  This  is 
practically  cutting  with  a  multiple  tool  head.  The  machines 
used  for  this  class  are  similar  to  the  draw-cut  shaper  shown  in 
Fig.  9,  or  the  keyway  cutter  shown  in  Fig.  23.  The  broach 
consists  of  a  number  of  tools,  the  cutting  edge  of  each  being 
set  slightly  in  advance  of  the  one  in  front  of  it.  Sometimes 
all  the  teeth  are  formed  on  a  single  piece  of  steel,  when  the 
broach  has  the  appearance  of  a  coarse-toothed  saw.  The 
broach  is  drawn  past  the  work  and  each  tooth  takes  a  cut. 
The  back  of  the  broach  bar  is  firmly  supported  so  that  it 
cannot  spring  away  from  the  cut.  By  this  device  it  is  pos- 
sible  to  cut  a  keyway  with  a  very  few  strokes  of  the  machine. 
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DRILLING. 


HISTORICAL. 

1.  PreUBtorlc  Drill. — ^The  principle  of  drilling  holes 
by  means  of  a  revolving  tool  was  known  in  prehistoric  time. 
The  form  of  machine  used  was  a  type 
of  bow  drill,  which  is  still  found  in 
some  smaller  manufacturing  and  re- 
pair shops.  The  primitive  drill  may 
still  be  seen  among  the  Pueblo  Indians 
in  the  form  shown  in  Fig.  1.  A 
round  piece  of  hard  wood  a  is  split  at 
the  bottom  and  a  piece  of  flint  or  iron  b 
inserted  and  bound  into  place;  the 
point  of  the  drill  is  formed  with  scra- 
ping edges.  The  upper  end  of  the 
stick  is  pointed  and,  when  drilling, 
rests  against  a  flat  stone  or  piece  of 
wood  Cy  which  has  a  slight  depression 
in  it  to  receive  this  point.  The  drill 
is  rotated  by  means  of  a' bow,  the  string  of  which  is  given 
a  single  turn  around  the  stick,  as  shown.  To  operate  the 
drill,  the  piece  c  is  held  in  one  hand,  thus  furnishing  the 
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necessary  pressure  and  giving  the  proper  direction,  while, 
with  the  other  hand,  the  bow  is  drawn  back  and  forth, 
rotating  the  drill  alternately  in  opposite  directions.  This 
instrument,  in  hands  that  are  skilled  in  its  use,  has  pro- 
duced marvelous  results.  Beads,  shells,  etc.  are  drilled  in 
a  manner  that  produces  the  highest  admiration  for  these 
primitive  workmen. 


DBVELOPMBNT  FROM  THE  LATHE. 

2.  Prehistoric  Lathe. — The  modern  machine-shop 
drill  has  its  origin  in  the  lathe,  from  which  all  other  forms 
of  machine  tools  have  been  developed. 

The  lathe,  in  a  very  primitive  form,  was  known  in  prehis- 
toric time.  Its  earliest  form  consisted  of  a  piece  of  wood 
supported  horizontally  upon  two  wooden  pillars  and  rotated 
by  means  of  a  string.  The  material  to  be  worked  was 
attached  to  this  revolving  part,  which  moved  in  opposite 
directions  as  the  string  was  wound  or  unwound.  As  the 
tool  could  cut  only  while  the  work  was  running  in  one 
direction,  it  had  to  be  withdrawn  and  brought  up  alter- 
nately as  the  direction  of  motion  changed. 

3.  Development  of  Modern  Drill. — ^While  the  prin- 
ciple of  the  lathe  is  very  old,  it  was  not  until  a  compar- 
atively recent  date  that  power  was  applied  to  it,  and  the 
modern  shop  tool,  which  rotates  continuously  in  one  direc- 
tion, was  developed.  It  was  some  time  after  the  power 
lathe  had  made  its  appearance  that  the  drilling  machine  was 
brought  into  use. 

The  step  from  the  lathe  to  the  drilling  machine  was 
simply  a  change  in  the  arrangement  of  the  head.  In  the 
lathe,  the  piece  to  be  worked  is  usually  rotated  with  the 
spindle,  while  the  cutting  is  done  with  a  fixed  tool.  In 
boring  holes,  the  tool  may  be  rotated  with  the  spindle,  while 
the  part  to  be  drilled  is  pressed  against  it.  When  used  in 
this  way,  the  lathe  is  a  drilling  machine  with  a  horizontal 
spindle,  and  the  only  difference  between  the   lathe   when 
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thus  used  and  the  ordinary  drilling  machine  is  that,  in  the 
latter,  the  spindle  stands  in  a  vertical  position  and  the  work 
is  supported  upon  a  horizontal  table. 


ESSENTIAL.  PARTS  OF  DRILLING  MACHINES. 

4.  Esaential  Parts. — The  modern  drilling  machine 
consists  of  a  revolving  spindle  to  which  a  device  for  holding 
the  tool  is  attached,  a  table  upon  which  the  work  is  sup- 
ported, and  a  device  for  feeding  the  tool  into  the  material  to 
be  drilled. 

5,  Arrangement  of  Parts.  —  The -arrangement  of 
these  parts  is  shown  in  Fig.  8.  In  this  simple  drilling  ma- 
chine, the  spindle  a  is  held  in  a 

vertical  position  by  a  frame  d 
and  column  c.  The  spindle  is 
rotated  by  means  of  a  belt  run- 
ning on  a  pulley  d,  which  is  con- 
nected to  the  upper  end  of  the 
spindle  by  means  of  a  spline. 
The  pulley  is  held  vertically  be- 
tween the  two  arms  g  and  /, 
thus  permitting  the  spindle  to 
slide  in  the  pulley  while  turning. 
The  tool  k  is  held  in  a  chuck  or 
socket  ^  on  the  lower  end  of  the 
spindle  and  moves  vertically  and 
rotates  with  the  spindle.  The 
part  to  be  drilled  is  held  upon 
the  table  i. 

The    principal    parts  of   the 
drilling  machine  have  been  men-  ^"'*'' 

tioned,  but  it  is  still  necessary  to  devise  some  means 
for  feeding  the  tool  through  the  material.  This  is  usually 
done  by  lowering  the  tool  as  it  cuts  its  way;  although,  as 
will  be  seen  later,  in  a  few  cases  the  table  is  raised  while 
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the  tool  is  held  in  a  fixed  position.  Fig.  2  shows  a  very 
simple  method  by  which  the  spindle  may  be  raised  or  low- 
ered by  means  of  a  hand  lever.  The  spindle  is  made  to  re- 
volve in  a  sleeve/ and  is  held  vertically  in  it  by  means  of 
the  collars  k  and  /,  .which  are  fixed  to  the  spindle.  The 
sleeve  has  a  rack  tn  upon  its  outer  side,  which  engages  with 
a  pinion  upon  the  inner  end  of  the  shaft  n.  This  shaft  has 
its  bearing  in  the  lower  arm  of  the  frame  by  and  carries 
upon  its  outer  end  a  hand  lever  o.  The  sleeve  is  free  to 
move  in  a  vertical  direction  as  the  pinion  is  turned  by  means 
of  the  lever,  but  it  is  kept  from  rotating  by  the  rack.  The 
spindle  is  lowered  by  moving  the  lever  in  the  direction  of 
the  arrow  /,  thus  rotating  the  pinion  and  carrying  down  the 
rack  with  which  it  engages. 

The  machine  receives  its  power  from  a  belt  running  from 
the  pulley  d  over  a  pair  of  idlers  q  to  the  pulley  r.  Attached 
to  r  is  another  pulley  j,  which  is  belted  to  a  countershaft. 
Every  part  of  a  drilling  machine  should  be  as  rigid  as  pos- 
sible, as  a  very  slight  spring  in  any  of  the  parts  causes  inac- 
curacies in  the  work. 


PRINCIPAL  FUNCTIONS  OP  DRILLING 

MACHINES. 

6«  Purpose  of  DrllUiiflr  Machines. — The  drilling 
mactiliie  was  brought  into  use  primarily  for  the  purpose  of 
sinking  circular  holes  into  a  solid  body,  which  is  called 
drilling ;  but  with  its  development  it  has  been  found  that 
it  can  be  used  advantageously  for  other  operations,  such  as 
reaming^  counter  sinkings  counterboringy  spot  facings  tappings 
center  drillings  etc. 

7.     Causes  of  Irregularity  In  Drilled  Holes. — The 

varying  hardness  of  the  metal,  blow  holes  in  castings,  and 
slight  imperfections  in  the  formation  of  the  tool  tend  to 
make  a  drilled  hole  imperfect.  Sometimes  the  hole  is  not 
quite  straight,  or  it  may  not  be  quite  round,  or  the  surface 
may  be  rough. 
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8.  Reamlnic.  —  In  order  to  overcome  these  defects 
where  absolute  accuracy  is  necessary,  another  tool,  called  a 
reamer,  is  passed  through  the  hole.  This  operation  is 
known  as  reaming. 

9.  Counters!  nklng.-^In  other  cases,  it  is  necessary  to 
enlarge  the  upper  end  of  the  hole,  as  shown  in  Fig.  3  {a). 
This  is  known  as  couaCcrBlaklnic. 


10<  CountcrborlnE. — When  the  sides  of  the  enlarged 
hole  are  carried  down  straight  and  a.  shoulder  is  formed  at 
the  bottom,  as  shown  in  Fig.  3  (i),  the  operation  is  called 
countcrboring. 

11.  Spot  Facing;. — When  it  is  necessary  to  finish  a  body 
of  metal  only  a  small  distance  about  a  drilled  hole,  to  form 
a  smooth  surface  for  the  head  or  nut  of  a  bolt,  or  a  bearing 


for  the  hub  of  an  adjacent  part,  it  is  called  spot  facing,  as, 
for  instance,  the  bearings  for  the  nuts  a,  a  on  the  cylinder 
head.  Fig.  4,  are  produced  by  facing  the  spots  b,  b. 
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12«  Faclns* — ^When  the  ends  of  hubs  are  finished  with 
a  revolving  cutter,  it  is  simply  called  facing,  as,  for  instance, 
in  the  case  of  the  rocker-arm  in  Fig.  5,  where  the  surfaces 
a^  a  are  faced  to  receive  the  pin  b  and  washer  c, 

13«  Tappings — ^When  internal  screw  threads  are  cut 
in  a  piece  of  metal,  the  operation  is  called  tapping. 
The  hardened-steel  screw,  which  is  grooved  or  fluted  longi- 
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tudinally,  as  shown  in  Fig.  6,  and  with  which  the  thread  is 
formed,  is  called  a  tap. 

14«  Center  Drilling. — When  a  center  in  a  piece  of 
lathe  work  is  formed  with  a  drill  and  reamer,  it  is  called 
center  drilling. 


FORMS  OF  TOOLS  AND  THEIR  USES. 


DRILLING  TOOLS. 

1 5«  Classes  of  Drills.' — The  drill,  which  is  one  of  the 
most  largely  used  tools  found  in  a  machine  shop,  is  made  in 
a  number  of  forms,  which  may  be  classified  under  the  two 
heads  y?^^  drills  and  twist  drills, 

16.  Common  Characteristics.  —  These  different 
forms  have  three  essential  characteristics  that  are  common 
to  all.  Firsts  there  must  be  one  or  more  cutting  edges  that 
separate  the  small  particles  of  material  from  the  body  either 
by  scraping  or  cutting.  Second^  there  must  be  a  central 
leading  point  about  which  the  cutting  edges  revolve  and 
which  guides  the  drill  through  the  material.  This  is  ob- 
tained by  tapering  the  cutting  edges  toward  the  center, 
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as  shown  in  Fig.  7.  The  angle  a  of  this  taper  varies  for 
different  classes  of  work,  but  for  ordinary  drilling  it  is 
made  between  fiO"  and  60°.  The  Morse  Twist 
Drill  Company  recommends  59°,  while  Wm, 
Sellers  &  Co.  recommend  62°.  Third,  there 
must  be  a  clearance  back  of  th^  cutting  edge. 
Fig.  8  represents  the  point  of  a  flat  drill,  in 
which  b  is  the  clearance  angle,  sometimes 
called  the  angle  of  relief.     This  angle  should 


.^- 


be  large  enough  so  that  the  stock  back  of  the  cutting  edge 
will  clear  at  all  times. 


17.     Early  Form  of  Drill. — The  earliest  form  of  ma- 
chine-shop drill  consisted  of  a  flat  piece  of  steel  drawn  down 


n 
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flat  at  one  end,  as  shown  in  Fig.  0,  and  ground  to  the  desired 
shape.  This  class  of  drill  is  still  largely  used  in  various 
forms  and  is  known  as  tlie  flat  drill. 
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1 S.  Double  Scraplns  Edge. — ^The  form  used  in  the 
bow  drill  is  shaped  as  shown  in  Fig.  10.  The  edges  are 
beveled  on  both  sides,  thus  permitting  the  drill  to  be  rotated 
in  either  direction  while  both  edges  cut  equally  well.  This 
form  is  still  used  by  watchmakers  for  drilling  small  holes 
with  a  drill  that  runs  backwards  and  forwards  alternately. 
One  great  objection  to  this  drill  lies  in  the  shape  of  the  cut- 
ting edges  and  the  corners  at  the  outer  end  of  the  cutting 
edges.     The  metal  is  removed  by  scraping  rather  than  by 

cutting,  and  a  heavy  pressure  is  required  to 
make  it  work  satisfactorily.  These  conditions 
wear  the  scraping  edges  so  that  frequent  grind- 
ing is  necessary,  and  every  time  the  tool  is 
ground,  the  width  across  the  flat  part  is  re- 
duced, thus  reducing  the  diameter  of  the  hole 
it  will  drill.  This  difficulty  may  be  overcome 
by  making  the  sides  parallel  for  a  short  dis- 
tance above  the  outer  corners,  as  shown  in 
Fig.  11.  The  parallel  sides  also  form  guides 
for  the  drill,  thus  insuring  a  straighter  and  better  hole. 
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19.  Single  Cutting:  Edffe.  —  Another  form  of  drill 
that  may  be  revolved  in  either  direction  is  shown  in  Fig.  12. 
It  is  made  from  a  round  bar  by  grinding 
one  end  to  a  cone  of  the  required  taper 
and  grinding  away  one  side  to  the  center 
line,  as  shown.  This  drill  has  the  disadvan- 
tage of  cutting  on  only  one  edge  at  a  time, 
but  the  angle  of  the  edge  is  such  that  it 
cvits  more  freely  than  the  scraping  edges. 
The  parallel  sides  guide  the  drill  very 
accurately  and  a  fairly  straight  and  round 
hole  of  the  same  diameter  is  formed,  no 
matter  how  often  the  drill  may  be  ground. 
These  two  types  of  drills,  however,  are 
seldom  used  in  the  modern  machine  shop,  as  other  types 
that  will  cut  when  revolving  in  only  one  direction  have  been 
found  more  efficient. 


Pig.  12. 


§  10  DRILLING  AND  BORING.  9 

MACHINE-SHOP   DRII^LS. 

FLAT  DIZII.I.S. 

20.  Form  of  Drill  Polat.— The  simplest  and  most 
cheaply  made  machine-shop  drill  is  the  ordinary  flat  drill 
shown  in  Fig.  13.     When  rightly  formed, 

this  type  of  drill  does  very  excellent 
work.  It  is,  however,  a  hand-vmade  tool 
and  is  often  so  poorly  formed  and  so 
imperfectly  ground  that  its  work  is  not 
satisfactory. 

In  order  that  a  drill  may  cut  equally 
on  both  sides  and  form  a  smooth,  round 
hole,  the  point  must  be  in  the  center, 
the  cutting  edges  must  make  equal 
angles  with  the  center  line,  and  must  be 
of  the  same  length  and  have  equal 
clearance  angles. 

21.  ReaultB  of  Improperly 
Formed  Drills. — All  these  require- 
ments must  be  carefully  observed.  It 
is  not  sufficient  to  have  the  point  in  the 
center  of  the  drill,  because  different 
angles  of  the  cutting  edges  will  cause  the 

drill  to  cut  on  one  side  only,  as  shown  in  ?">■  "■ 

Fig.  i4(ti),  thus  throwing  twice  the  intended  depth  of  cut 
upon  the  one  cutting  edge.  It  also  causes  a  crowding 
against  one  side,  and  a  tendency  to  throw  the  center  of  the 
drill  out  of  its  correct  position.  The  angles  which  the  cut- 
ting edges  make  with  the  center  line  may  be  equal,  but  if 
the  lengths  of  the  cutting  edges  are  not  equal,  it  will  result 
in  the  condition  shown  in  Fig.  14  (d).  The  hole  will  be 
larger  than  the  drill,  and  the  outer  end  of  the  long  side  of 
the  cutting  edge  must  do  double  duty,  which  soon  dulls  it, 
causes  crowding,  and  makes  a  rough  hole. 

When  both  the  angles  with  the  center  line  and  the  lengths 
of  the  cutting  edges  are  unequal,  the  hole  will  be  larger 
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than  the  driii,  and  the  effect  will  be  as  shown  in  Fig.  14  (c). 
All  the  work  will  be  done  by  the- short  side  and  the  outer 
end  of  the  long  side.  Unequal  clearance  angles  will  cause 
one  side  to  cut  more  freely  than  the  other,  thus  distributing 
the  work  unequally.     Under  a  given  pressure,  the  side  with 


the  greater  clearance  angle  tends  to  take  a  deeper  cut  than 
the  other,  while  there  is  less  metal  to  support  Its  cutting 
edge.  This  edge  wears  away  more  rapidly  than  the  other, 
resulting  in  unsatisfactory  working  conditions. 


22.  Symmetrfcal  Cutting  End. —  The  cutting  end  of 
a  drill  must  be  symmetrical  in  every  respect  in  order  to  do 
accurate  work.  It  should  also  be  as  thin  at  the  point  as  the 
material  to  be  drilled  and  the  size 
of  the  drill  will  permit.  A  care- 
ful examination  of  flat-drill  points 
will  show  that  the  cutting  edges 
a  b  and  c  d.  Fig.  15,  stand  on  oppo- 
site aides  of  the  center  line.  When 
u^      jL  jp    the  clearance  angles  are  equal,  the 

^B  ^^^^  .:y^^     *^°  planes  representing  the  clear- 

|f«l  6^r  ance  angles  will  intersect  in  the  line 

b  d  perpendicular  to  the  axis  of  the 
drill. 
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23.  Advantages  of  Thin  Point. — It  will  readily  be 
seen  that  the  cutting  edges  extend  only  to  b  and  d^  and 
between  these  two  points  the  edge  has  equal  clearance  on 
both  sides,  producing  an  edge  resembling  that  of  a  cold  chisel. 
When  rotated,  it  is  simply  a  scraping  edge,  and  the  pressure 
required  to  force  it  through  the  metal  at  the  rate  at  which  the 
drill  should  cut  is  very  great  compared  with  the  pressure  re-  ' 
quired  upon  the  cutting  edges  proper.  This  scraping  edge 
also  wears  away  very  quickly,  which  necessitates  additional 
pressure.  It  becomes  evident,  then,  that,  in  order  to  do  the 
work  with  the  least  loss  of  power,  the  scraping  edge  bd 
must  be  made  as  short  as  possible.  This  is  accomplished 
when  the  point  is  made  very  thin. 

On  the  other  hand,  when  it  is  made  too  thin,  the  cutting 
edges  are  not  supported  sufficiently  well,  and  break  away, 
making  frequent  dressing  and  grinding  necessary.  No 
definite  rule  for  the  thickness  of  the  point  can  be  given, 
since  it  depends  largely  on  the  grade  of  steel  used  in  the 
tool  and  the  quality  of  the  material  to  be  drilled.  Experi- 
ence and  care  in  observing  the  action  of  the  .drill  and  the 
working  conditions  alone  will  enable  one  to  determine  the 
correct  thickness. 

24.  Grooved  Drill  Point. — Sometimes  grooves  are 
formed  in  the  end  of  the  drill,  as  shown  in  Fig.  16,  thus 
providing  curved  cutting  edges,  which, 
when  properly  shaped,  remove  almost 
entirely  the  scraping  edges.  This  prac- 
tice, however,  tends  to  weaken  the  inner 
ends  of  the  cutting  edges  by  removing 
the  supporting  metal,  and  it  is  generally 
thought  to  be  better  simply  to  make  the 
end  of  the  drill  as  thin  as  practicable. 

25.  Parallel  Sides.— Flat  drills,  to    '  ^     * 

give  the  best   results,  should  have   the  ^'®-  ^^ 

sides  a  *,  Fig.  17  (^),  parallel,  ^  inch  or  more  above  the 
cutting  edges.  This  parallel  portion  should  be  rounded  to 
fit  the  circumference  of  the  hole.     Drills  are  often  used 
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with  the  corners  projecting  beyond  the  body,  as  shown  in 

Fig.  17  {b),  and  with  the 
sides  beveled,  as  shown  in 
Fig.  17  (c).  Drills  formed 
in  this  way  make  ragged 
holes,  and  when  there  are 
soft  or  hard  spots  or  blow 
holes  in  the  material 
drilled,  they  run  off  to  one 
side,  making  holes  that 
are  neither  straight, 
round,  nor  smooth.  The 
simple  precaution  of  ma- 
king the  sides  parallel  for  a 
short  distance  and  round- 
ing the  edges  to  fit . the 
desired  hole,  as  shown  in 
Fig.    17    {a),    will,    when 

the  point  is  rightly  formed,  obviate  this  difficulty  almost 

entirely. 

26.  Drill  Shank. — The  portion  of  the  drill  between 
the  flattened  part  and  the  upper  end  is  called  the  shank. 
It  should  be  somewhat  smaller  than  the  hole,  in  order  to 
work  freely  in  it.  In  the  case  of  comparatively  shallow  holes, 
the  flat  part  should  extend  to  a  point  high  enough  so  that 
the  cuttings  or  chips  can  work  out.  The  shank  should  be 
round.  The  corners  of  any  angular  section  draw  the  chips 
under  them  and  clog  the  drill.  Even  with  a  round  shank 
and  a  perfectly  formed  drill,  there  will  be  more  or  less 
clogging  in  a  deep  hole,  and  it  is  often  necessary  to  back  out 
the  drill  and  remove  the  cuttings. 

27«  Lrlpped  Drills.  —  In  the  kind  of  drill  just  con- 
sidered, the  front  of  the  cutting  edge  is  either  perpendicu* 
lar  to  the  direction  of  travel,  as  shown  in  Fig.  18  (<?),  or,  if 
the  drill  is  tapered  toward  the  point,  it  may  have  a  slight 
negative  front  rake,  as  shown  in  Fig.  18  {b).  In  order  to 
gain  the  advantage  of  a  better  cutting  edge,  a  groove  is 
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sometimes  ground   above   the   cutting  edge,  as  shown  in 
Fig.  19  (a).     A  section  through  c  d  is  shown  in  Fig.  19  (i). 

The  same  end  may  be  ac- 
complished by  dressing  the 
drill  with  the  cutting  edge 
lipped,  as  shown  in  Fig.  19  (c). 
Fig,  19  {d)  shows  a  section 
through  e/.  In  both  of  these 
cases,   care   must  be   taken  to  f'"-  "S- 

leave  enough  metal  back  of  the  cutting  edge  to  withstand 
the  cutting  strain. 


28.  Twisted  Flat  Drills.— One  disadvantage  in  these 
drills  is  that  grinding  reduces  the  lip,  and  necessitates  fre- 
quent dressing.  This  objection  may  be  overcome  by  twist- 
ing the  end  of  the  drill  into  a  spiral,  as  shown  in  Fig.  19  (c). 
In  this  way,  the  same  angles  of  the  cutting  edges  may  be 
obtained,  while  the  shape  is  not  altered  by  grinding,  until 
the  entire  spiral  is  ground  away.  The  spiral  also  assists  in 
carrying  the  cuttings  away  from  the  drill  point. 


TWIST  DRII.I.a. 

29.  Commercial  Twist  Drills.— The  fact  that  a 
spiral  drill  requires  no  dressing  and  removes  its  cuttings 
has  led  to  an  almost  universal  use  of  the  twist  drill, 
as  the   commercial  spiral  drill  is  called.     Fig.  30  {a) 
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illustrates  an  ordinary  commercial  drill  of  this  type.     It 
is  made  from  round  stock,  the  spiral  flutes  being  cut  with 

a  milling  cutter.  The  surface  between 
the  flutes  is  backed  off  slightly  from  near 
the  cutting  edges  a^  a^  Fig.  21  (^),  to  the 
backs  by  b  of  the  other  flutes,  leaving  only 
narrow  strips  a  c  the  full  diameter  of  the 
drill.  This  is  done  to  reduce  the  bearing 
surface  on  the  side  of  the  hole,  while 
enough  surface  is  left  to  form  a  perfect 
guide,  owing  to  the  fact  that  the  bear- 
ing ac  runs  in  a  spiral  around  the  drill. 

In  some  drills  a  narrow  bearing  strip 
is  left,  as  shown  in  Fig.  20  (^),  the  clear- 
ance being  cut  away,  concentric  with  the 
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bearing  surface,  as  illustrated  in  Fig.  21  (^).  Twist  drills 
are  manufactured  in  such  a  large  variety  of  sizes,  are  found 
so  efiicient,  and  can  be  bought  at  such  a  small  cost  that 
they  are  rarely  made  in  the  tool  room. 

30«  Precautions  In  Grinding. — The  irregularities 
that  arise  from  imperfect  grinding,  which  have  been  men- 
tioned in  connection  with  the  treatment  of  the  cutting 
edges  of  flat  drills,  are  applicable  to  the  twist  drill  as  well. 
The  dangers  suggested  are,  however,  almost  entirely  over- 
come by  the  use  of  special  grinding  machines. 


STRAIGHT-FLUTED  DRILLS. 

31.  A  stralsht-fluted  drill  has  been  found  very  ser- 
viceable for  drilling  thin  plates  and  brass.  With  a  twist 
drill  there  is  a  tendency  to  plunge  forwards  as  the  drill 
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comes  through  the  plate.     This  is  overcome  by  having  a 
drill  formed  like  the  twist  drill,  but  with  straight 
instead  of  spiral  flutes,  as  shown  in  Fig.  22, 


SIX>T  AND  TEAT  DRILLS. 

32.  PormB  of  Slot  Drills. — In  drilling  ma- 
chines where  a  feed  perpendicular  to  the  center 
line  of  the  spindle  may  be  secured,  slott  or  Icey- 
way,  drills  are  often  used.  These  are  made  in  a 
number  of  different  forms.  In  Fig.  S3,  (a),  [6), 
{c),  and  (t/)  show  four  different  kinds,  all  of  which 
are  quite  satisfactory  in  metal  of  uniform  hardness. 

33.  Advaatages  of  Some  Forms.  —  In 
sinking  these  drills  into  the  metal,  holes  are 
formed  as  shown  in  Fig.  S3  {e),  (/),  (^),  and  (A), 
The  central  cores  in  Fig.  23  (f)  and  (/)  form 
guides  for  the  drill,  which,  in  metal  of  varying 
hardness,  have  been  found  of  great  advantage. 

Slot  drills  are  used  largely  in  forming  keyways, 
or  slots,  in  shafts.     They  are  sunk  into  the  metal        °' 
a  sufficient  depth  for  a  longitudinal  cut  and  are  then  fed 
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lengthwise  along  the  shaft,  thus  cutting  out  the  metal  to 
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this  depth  throughout  the  entire  length  of  the  slot.  The 
drill  is  then  lowered  enough  to  furnish  another  longitudinal 
cut  and  the  operation  is  repeated  until  the  required  depth 
is  obtained. 

34.     Teat    Drills.— The  drills   shown   in   Fig.   23  {c) 

and  ((/)   may  be  used  in  squaring  the  bottoms   of  holes 

made    by    an    ordinary   twist 

drill  at   the  ends   of  keyways 

to  be  planed  or  chipped.     The 

teat  drill,  shown  in  Fig.  24,  is 

used  for   this    same    purpose, 

but  may  be  used  for  drilling 

the  entire  depth  of  the  holes 

required.     The    teat    a   is 

ground  to  a  point,  being  ta< 

pered  in  both   directions,  and 

acts  as  a  guiding  point  for  th« 

^*^-^  drill.     The  cutting  edges  are 

of  the  same  form  as  those  shown  in  Fig.  33  {c)  and  (d). 


ANNUI.AR  CUTTERS. 

35.  Single  Tool. — An  annular  cutter  that  is  used 
very  generally  for  removing  large  bodies  of  metal  and  cut- 
ting large  holes  in  boiler  plates,  rod  ends,  etc.  is  shown  in 
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Fig.  25.  The  tool  a  is  practically  a  cutting-off  tool,  with 
the  proper  side  rake  to  clear  the  circular  sides  of  the  hole. 
A  hole  c  is  first  drilled  for  the  guide  pin  d,  after  which  the 
stock  around  the  hole  c  is  removed  as  a  washer  with  a  hole 
in  the  center. 

36.  Doubl©  Tool. — Sometimes  two  tools  are  used,  one 
on  each  side  of  the  center,  as  shown  in  Fig.  26.  This  bal- 
ances the  side  thrust  upon  the  center  pin  b  and  reduces  it  to 
a  minimum,  besides  doubling  the  capacity  of  the  tool. 

37.  Sprlns  Center. — In  light  work,  such  as  cutting 
holes  in  boiler  plates,  the  necessity  of  drilling  the  center 
hole  may  be  avoided  by 
using  a  tool  like  the  one 
shown  in  Fig.  27.  The 
center  pin  rests  in  a 
punch  mark,  thus  form- 
ing a  guide  for  starting 
the  cutting  tools,  while 
a  spring  that  acts  upon 
the  end  of  the  pin  per- 
mits it  to  recede  as  the 
tool  travels  through  the 
plate.  This  device  op- 
erates   very    nicely    in 

comparatively     small 

holes  in  light  plates,  but  for  large  holes  or  very  heavy  stock 

a  solid  center  pin,  running  in  a  drilled  hole,  is  necessary. 


DRILL  SHANKS. 

38.  Straifirbt  Sbank. — On  ordinary  flat  drills,  the 
shanks  shown  in  Fig.  28  {a)  and  {b)  are  most  comn\only  used. 
In  Fig.  28  {a)  the  shank  is  straight  and  slightly  flattened 
at  a  in  order  to  furnish  a  good  bearing  for  the  setscrew. 
The  end  of  the  screw  often  cuts  a  burr  at  the  bearing  point, 
which  prevents  the  easy  removal  of  the  drill,  and  to  avoid 
this  the  shank  may  be  turned  down  slightly  at  the  bearing 
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point  of  the  screw,  as  shown  at  a,  Fig.  38  (l).  The  shoulder 
also  prevents  the  tool  from  dropping  out.  of  the  socket  whea 
the  screw  becomes  slightly  loose. 


e  @ 
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39.  Taper  Shank.  — Pig.  38  {c)  and  (</)  shows  the 
shank  tapered.  The  taper  is  so  made  that  it  will  hold  the 
drill  from  dropping  out  of  the  socket,  while  the  flat  end,  or 
tang;  at  the  top,  which  fits  into  the  hole  in  the  socket,  pre- 
vents the  drill  from  turning  in  the  socket.  There  are  sev- 
eral tapers  used  by  different  makers  of  drills.  The  Morse 
Twist  Drill  Company  uses  a  taper  of  about  {  inch  to  the 
foot.  Some  makers  have  a  key  inserted  in  the  socket  to 
assist  the  tang  in  preventing  the  drill  from  turning.  This 
calls  for  a  corresponding  keyway  in  the  drill  as  shown  at 
a.  Fig.  38  (d). 


LUBRICATION   OF   DRILLS. 

40.     Requirements. — Cast  iron  and  brass  are  drilled 

without  lubricating  the  drill  point;  in  fact,   in  cast  iron  a 

lubricant  causes  the  fine  cuttings  to  cake  and   choke  the 
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drill.     In  drilling  wrought  iron  and  steel,  on  the  other  hand, 
the  drill  point  should  be  thoroughly  lubricated. 

41.  AppHcatloa  of  Lubricants. — The  lubricant  is 
usually  applied  by  dropping  it  into  the  hole  and  permitting 
it  to  run  down  along  the  sides  of  the  hole  and  the  drill. 
This  method  has  been  found  rather  unsatisfactory,  as  the 
cuttings,  in  working  their  way  to  the  surface,  tend  to 
carry  the  lubricant  up,  and  in  some  cases 
very  little,  if  any,  reaches  the  drill  point 
where  it  is  most  needed. 

Fig.  39  {a)  shows  a  very  simple  method 
by  means  of  which  better  lubricating  con- 
ditions are  obtained.  Two  spiral  grooves 
a,  a  are  cut  parallel  with  the  flutes  b,  6, 
thus  forming  separate  channels  for  the 
lubricant.     There  is  some  danger  of  these  f/I 

grooves  becoming  clogged  by  fine  par- 
ticles that  work  around  the  drill,  and 
small  brass  tubes  are  brazed  into  the 
grooves  as  shown,  in  order  to  insure  an 
unobstructed  flow.  Fig.  29  (d)  shows  a 
drill  with  holes  running  through  the  solid 
metal. 

42.  Provision  for  SupplT'lns  Lu- 
bricants.— The  lubricants  may  be  carried 
to  the  holes  in  the  drill  through  the  chuck 
or  through  a  small  attachment  placed  just  („, 
below  the  chuck.  Fig.  30  illustrates  an 
attachment  that  is  frequently  used.     A  collar  a 


# 


the  lower  end  of  the  drill  socket,  as  shown,  and  is  kept  from 
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revolving  with  the  spindle  by  means  of  a  pipe  that  rests 
against  the  column  of  the  machine  and  through  which  the 
oil  is  conveyed  to  the  collar.  Inside  of  the  collar,  and 
immediately  over  a  pair  of  holes  in  the  socket  that  corre- 
spond to  the  upper  holes  in  the  drill,  a  circular  groove  b  is 
turned,  thus  forming  a  connection  between  the  outer  pipe  c 
and  the  drill.  The  oil*  is  supplied  by  means  of  an  oil  pump, 
under  sufficient  pressure  to  insure  a  steady  flow  to  the  drill 
point,  and  is  carried  to  the  attachment  by  means  of  a  flex- 
ible tube. 


REAMERS. 

43.  Purpose  of  Reamers. — Drilled  holes  are  rarely 
formed  perfectly  rotind  or  straight,  and  with  each  grinding 
of  the  drill,  especially  when  the  grinding  is  done  by  hand, 
the  diameter  is  liable  to  vary  slightly.  It  is  therefore 
necessary,  in  work  where  accuracy  is  required,  to  true  the 
hole.  This  is  done  by  passing  a  tool  called  a  reamer 
through  it. 

44.  Flat  Reamers* — Reamers  are  made  in  various 
forms.  The  simplest  of  these  consists  of  a  flat  piece  of 
steel  turned  accurately  to  the  diameter  of  the  hole,  with 
the  cutting  edges  shaped  much  like  those  of  the   ordinary 

twist  drill,  but  with  a  greater 
^  angle  between  the  cutting 
edges.  Fig.  31  illustrates 
this  type.  It  is  used  fre- 
quently because  of  its  cheap- 
ness, but  despite  its  cheap- 
^^*  ^*  ness  it  is  not  an  economical 

tool,  as  it  does  not  produce  a  hole  of  sufficient  accuracy  for 
the  better  grades  of  machine  work. 

45.  Fluted  Reamers. — A  better  type  of  reamer  is 
shown  in  Fig.  32.  It  consists  of  a  piece  of  round  steel  with 
flutes  cut  lengthwise.     For   the   general   run  of  work,  the 
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flutes  are  so  shaped  that  the  cutting  faces  lie  in  radial  planeS| 
as  shown  in  Fig.  33  (a). 


PlO.  88. 


46.  Undercut  Faces. — Fluted  reamers  are  sometimes 
made  with  the  cutting  faces  cut  under,  as  shown  in  Fig.  33  {d). 
This  is  not  right,  as  the  slightest  spring  causes  the  cutting 
edges  to  run  more  deeply  into  the  metal,  resulting  in  an  in- 
jured or  enlarged  hole,  and  sometimes  in  a  broken  reamer. 


Pig.  88. 

47.  Curved  Cuttlns:  Faces. — Reamers  with  curved 
cutting:  faces  a,  6,  illustrated  in  Fig.  33  (^),  are  objection- 
able, as  they  have  a  negative  front  rak'e  that  is  increased  by 
grinding. 

48.  Brass  Reamer. — Fig.  33  (d)  illustrates  a  reamer 
that  is  used  for  brass  when  a  sufficiently  large  amount  of 
work  is  to  be  done  to  warrant  the  expense  of  a  special 
reamer.  The  faces,  in  sizes  of  about  f  inch  to  1  inch  in 
diameter,  are  set  forwards  from  the  radial  line  about  y^^j 
inch,  and  are  made  parallel  to  it,  thus  giving  a  negative  front 
rake.  For  larger  sizes,  the  faces  are  set  forwards  a  corre- 
sponding amount. 

49.  Number  of  Cuttlnfc  Bd^es. — A  reamer  should 
always  have  enough  cutting  edges  to  guide  itself  in  a  straight 
line  through  the  hole.  There  should  never  be  less  than 
four,  and  where  the  diameter  is  large  enough  to  make  it 
practicable  there  should  be  more.     The  number  of  edges 
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should  be  even  and  not  odd,  as  this  makes  it  possible  to 
caliper  the  reamer. 

50.  Rounded  or  Tapered  Ends. — The  ends  of  the 
cutting  edges  should  be  rounded  slightly,  as  shown  at  a, 
Fig.  34.  This  creates  a  tendency  for  the  reamer 
to  keep  working  toward  the  center  of  the  hole. 
This  same  advantage  is  secured  by  making  the 
lower  end  with  a  slight  taper,  \  inch  or  more 
long,  as  shown  at  a  6,  Fig,  35. 

51.    Deptb  of  Cut. — In  all  classes  of  ream- 
ing, the  holes  should  be  drilled  as  nearly  to  the 
finished  size  as  possible,  so  that  the  reamer  need 
take  only  a  light  finishing  cut.     This  preserves 
the  edges,  avoids  frequent  grinding,  and  length- 
ens the   life  of  the  reamer.     An  allowance  of 
^  inch  of  stock  is  sufficient  for  the  reamer  in 
holes  having  a  diameter  of  1  inch  or  less,  while 
Fio.  M.      -j^  holes  having  diameters  between  1  and  3  inches, 
^  inch  is  enough.    For  sizes  above  2  inches  in  diameter  it  is 
usually  considered  best  to  finish  the  hole  with  a  boring  bar 
and  cutter,  except  in  cases  where  the  hole  passes  through 


two  adjoining  parts.  In  such  cases,  a  long  reamer  may  be 
used  for  finishing.  Holes  above  2  inches  are  sometimes 
finished  with  large  shell  reamers. 


TAPER    REAMERS. 

52.  Solid  Taper  Reamers.  — Tapered  holes  for 
dowel  pins  and  various  other  purposes  have  brought  taper 
reamers  into  very  general  use.     They  are  fluted  and  made 
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like  a  straight  reamer,  except  that  the  sides  : 
Fig.  36  {a)  illustrates  a  reamer  of  this  type. 


:  tapered. 


53.  Heavy  Duty  of  Taper  Reamer. — The  duty  of  a 
taper  reamer  is  heavier  than  that  of  a  straight  reamer, 
since  it  must  remove  a  larger  body  of  metal.  The  drilled 
hole  is  straight  and  must  be  a  little  smaller  than  the  small 
end  of  the  reamed  hole.  The  amount  of  metal  that  must 
be  removed  is  represented  by  the  part  aci  in  Fig.  37,  and 
depends  on  the  taper  required. 

54.  Roushlng  Reamer. — Where  the  taper  is  great, 
a  roufchlng  reamer.  Fig.  36  {6),  is  first  used  to  remove 
the  excess  of  metal.     This  is  followed  by  a  finishing  reamer, 


Fig.  36  (a),  which  should  take  only  a  very  light  finishing  cut. 
In  some  shops,  it  is  customary  to  relieve  the  reamer  in 
heavy  work  by  counterboring  steps,  as  shown  in  Fig.  38. 
This  is  a  rather  dangerous  proceeding,  as  the  cutting  edges 
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of  the  reamer  are  liable  to  be  injured.  It  is  also  a  great 
waste  of  time.     By  the  use  of  the  step  reamer  shown  in 

Fig.  39,  the  metal  can 
be  removed  more  easily 
and  rapidly  than  with 
a  drill.  The  small 
^^®-  ^'  end  a  of  this  reamer 

is  made  the  size  of  the  drilled  hole.  The  edges  d,  c,  d^  and  e 
are  the  lower  ends  of  the  steps  and  form  the  cutting  edges. 
The  diameters  are  made  from  yAt  ^^^^  ^^  t^^  i^ch  less  at 
the  top  of  each  step  than  at  the  bottom,  to  provide  for 
clearance  and  to  insure  the  free  operation  of  the  tool.  There 
is  also  clearance  on  the  bottom,  as  shown  at  /,  g.  This 
reamer  should  be  followed  by  the  roughing  reamer  shown  in 
Fig.  36  {b)  to  remove  the  steps  and  the  coarse  tool  marks, 
and  to  enlarge  the  hole  so  that  it  can  be  finished  with  the 
reamer  shown  in  Fig.  36  {a).  In  holes  of  very  slight  taper, 
the  roughing  reamer  is  not  generally  used,  but  even  here, 
when  a  large  number  of  holes  are  to  be  reamed,  it  is  advis- 
able to  use  it,  as  it  preserves  the  cutting  edges  and 'the 
accuracy  of  the  finishing  reamer. 

55.  Care  of  Reamers. — The  most  serious  difficulty 
met  with  in  reaming  is  the  maintenance  of  the  full  diameter 
of  the  cutting  edges,  and  in  order  to  keep  them  in  good 
condition  as  long  as  possible,  the  greatest  care  should  be 
taken  in  their  use.  This  is  especially  necessary  with  fin- 
ishing reamers,  which  may  be  rendered  useless  by  a  very 
little  wear  or  a  slight  injury.  Reamers  should  never  be 
pounded  or  jerked  sidewise  when  in  a  hole,  and  when  not  in 
use,  they  should  always  be  kept  on  wooden  shelves,  or  on  a 
wooden  board,  or  other  support,  if  at  the  machine. 

56.  Inserted  Blades.  —  A  form  of  reamer  that  is 
gradually  growing  in  favor  is  illustrated  in  Fig.  40.  The 
cutters,  which  are  made  of  steel,  are  dovetailed  into  a  solid 
body.  In  reamers  of  6  or  6  inches  diameter,  the  body  is 
sometimes  made  of  cast  iron.  The  special  advantage  of  this 
form    lies   in  the  ease   with  which   an   injured  blade  may 
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be  renewed.  In  the  solid  reamer,  a  cracked  or  broken  cut- 
ting edge,  or  any  slight  warping,  throws  the  whole  reamer 
out  of  use.  In  this  form,  the  injured  part  is  simply  driven 
out  of  the  dovetail,  a  new  one  is  inserted,  and  the  reamer  is 


1 

1 

PIO.  40. 

as  good  as  when  it  was  new.     This  is  especially  advan- 
tageous in  the  larger  sizes,  which  are  very  expensive. 

Inserted  blades  are,  however,  not  practicable  in  the 
smaller  sizes,  as  there  is  not  stock  enough  to  support  the 
blades  properly.  Opinion  as  to  the  minimum  size  in  which 
they  can  safely  be  used  varies ;  ordinarily,  they  are  not  used 
in  reamers  less  than  1^  inches  in  diameter. 


ADJU8TABL.B   RBAMBR8. 

57.  Advantages  of  Adjustable  Reamers. — When 
solid  reamers  are  used,  it  is  customary  to  make  the  diameter 
as  much  larger  than  the  desired  diameter  as  the  limit  of 
error  in  the  working  fit  will  permit,  and  to  use  it  until  the 
diameter  has  been  reduced  to  the  inside  limit  of  error,  after 
which  it  must  be  worked  over  or  discarded.  For  the  best 
grades  of  machine  work,  where  the  permissible  variation  is 
reduced  to  a  minimum,  the  life  of  such  a  reamer  is  very 
short. 

58.  A  Simple  Adjustable  Reamer. — For  this  reason, 
reamers  with  adjustable  cutting  edges  have   been   found 


Fig.  41. 

much  more  satisfactory  than  the  solid  type.     Fig.  41  shows 
one  type  of  adjustable  reamer.     The  reamer  is  adjusted 
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to  the  desired  size  by  means  of  a  ground  tapered  plug  that 
acts  upon  the  blades  a,  and  is  locked  by  the  locknut  b  when 
the  adjustment  has  been  made.  With  this  type,  a  limited 
amount  of  wear  or  the  reduction  of  diameter  due  to  grind- 
ing can  readily  be  taken  up. 

59.  AdJuBtable  Reamer  for  Different  Sized 
Holes.  —  An  adjustable  reamer  that  can  be  easily  and 
accurately  adjusted  may  take  the  place  of  a  number  of  solid 
reamers.  Fig.  42  {a)  and  (/;)  shows  a  reamer  especially  made 
for  this  purpose.      The  blades  a  are  held  in  the  body  b  by 


a 
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dovetails  in  which  the  blades  fit  on  the  sides  and  bottoms. 
The  part  of  the  body  of  the  reamer  that  forms  the  bottoms 
of  the  dovetails  slopes  toward  the  center,  the  slots  being 
deeper  nearest  the  nut.  Then  as  the  blades  are  moved 
toward  the  shank  they  are  forced  out  and  the  diameter  of 
the  reamer  is  enlarged.  A  collar  c,  which  fits  into  notches 
in  the  blades,  determines  their  position  and  fixes  the  diam- 
eter of  the  reamer.  By  having  different  sets  of  blades,  and 
collars  of  different  lengths,  such  a  reamer  may  be  used  for  a 
number  of  sizes  and  will  do  fairly  accurate  work.  Fig.  42  (b) 
shows  a  section  through  d  e  oi  Fig.  42  (a).  For  extreme 
accuracy  the  solid  reamer  is  best.  Sometimes  adjustable 
reamers  are  so  arranged  that  forcing  the  blades  toward  the 
point  expands  them,  the  nnt  being  placed  back  of  the  blades. 

60.  Expansion  Reamer. — Another  adjustable  form 
of  reamer,  known  as  the  expansion  reamer,  is  shown  in 
Fig.  43.  The  reamer  is  drilled  for  a  taper  plug  in  the 
lower  end,  and  the  sides  are  slotted,  as  shown.     The  plug 
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is  threaded,  and,  when  screwed  into  the  end  of  the  reamer, 
expands  it.  Reamers  of  this  kind  are  made  as  small  as 
J  inch  in  diameter,  while  the  reamer  illustrated  in  Fig,  41 
is  not  made  smaller  than  }  inch.  The  adjustment  also 
is  very  easily  made,  and,  by  taking  a  number  of  cuts,  a 
large  amount  of  metal  may  be  removed.  The  hole  is  not, 
however,  very  accurate.     The  expanding  plug  enlarges  the 


middle  of  the  reamer  most,  and  the  cutting  edges  taper 
toward  the  ends,  resulting  in  curved  cutting  edges  with- 
out a  straight  portion  to,  guide  them.  Any  unevenness 
in  the  structure  of  the  metal  causes  the  reamer  to  run 
out  of  its  true  course.  Where  accuracy  is  essential,  this 
kind  of  reamer  should  never  be  used  for  the  finishing  cut, 
but  should  be  followed  by  a  finishing  reamer. 


SHBLI.  AND  ROSE  RBAMBRS. 

61.  Fig.  a  {a)  shows  an  ordinary  Btaell  reamer,  and 
Fig.  44  (d)  a  ro9«  shell  reamer.  Both  of  these  have 
already  been  described  in  Art,  31,  Lai^r   Work,  Part  2. 


<mt 


They  are  sometimes  fitted  to  shanks,  which  in  turn  fit  drill 
sockets,  and  are  used  in  drilling  machines.  The  rose  reamer 
is  especially  well   adapted  to  removing  a  large  amount  of 
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metal  in  this  way,  but  usually  does  not  leave  the  hole 
smooth,  and  should  therefore  be  followed  by  a  finishing 
reamer. 

The  rose  reamer  shown  in  Fig.  44  (d)  has  a  flute  for  every 
second  cutting  edge.  Many  persons  prefer  to  have  a  flute 
for  each  cutting  edge,  claiming  that  it  adds  to  the  efiiciency 
of  the  reamer.  Rose  reamers  are  therefore  often  made  this 
way.  If  the  rose  reamer  is  used  for  horizontal  work,  as 
in  a  horizontal  drill  or  lathe,  the  chips  will  clog  in  the  short 
flutes;   hence,  each  cutting  edge  should  have  a  flute. 


COUNTERSINK. 

62.  Definition. — It  is  frequently  necessary  to  enlarge 
the  end  of  a  drilled  hole  to  take*  the  taper  head  of  a  bolt  or 
other  machine  part,  as  shown  in  Fig.  3  {a).  This  operation 
is  known  as  countersinking. 

63.  Drill  as  a  Countersink.  —  The  tools  used  in 
countersinking  resemble  very  closely  the  various  forms  of 
drills.  In  some  shops  and  for  some  classes  of  work,  the 
point  of  a  drill  is  simply  ground  to  the  desired  taper. 
When  the  cutting  edges  are  properly  formed,  the  metal 
uniform,  and  the  surface  smooth,  very  good  results  are 
obtained  in  this  way,  but  for  general  use  it  is  better  to 
have  a  countersink  that  is  guided  by  a  center  pin. 

64.  Pin  Countersink. — A  flat  countersink  provided 
with  a  pin  ^,  which  fits  the  hole  and  holds  the  tool  perfectly 
central  under  all  conditions,  is  illustrated  in  Fig.  45.  This 
same  style  of  tool  is  sometimes  made  with  four  cutting 
edges,  as  illustrated  in  Fig.  46. 

65.  Pin  and  Collar  Countersink. — Where  a  coun- 
tersink of  the  same  taper  is  occasionally  required  in 
holes  of  different  diameters,  a  tool  as  shown  in  Fig.  47  is 
found  very  serviceable.     The  pin  a^  instead  of  fitting  the 
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hole,  becomes  the  bearing  of  a  set  of  collars  c,  which  are 
turned  on  the  outside  to  fit  the  different  holes  in'which 
the  tool  is  to  be  used.     The  collars  in  this  form  of  tool 


are  secured  by  a  screw  b  and  washer  d.     The  cutting  edges 
may  be  made  of  any  type  desired,  but  four  edges,  as  shown 


in  the  illustration,  are  perhaps  the  most  desirable,  there 
being  enough  cutting  edges  to  guide  properly,  while  the 
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construction  is  very  simple.  Turning  the  cutting  edges 
back,  as  shown,  forms  a  bearing  for  the  top  of  the  collar  and 
facilitates  the  grinding.  In  some  cases,  collars  are  simply 
slipped  over  the  pin  of  an  ordinary  countersink. 

66>    Combined    Reamer    and    Countersink.  —  In 

plate  work,  reaming  and  countersinking  may  be  done  at  the 
same  time  with  the  combination  tool  shown  in  Fig.  48,  The 
lower  end  a  is  made  like  an  ordinary  fluted  reamer,  while 
the  countersink  i  is  formed  with  four  cutting  edges  ground 
to  the  desired  angle. 

07.  Center  Countersinks. — Milled  ^nd  half-round 
countersinks,  as  shown  in  Fig.  i9  {a),  {6),  and  (c),  are  used 
almost  entirely  in  enlarging  centers  in  lathe  work,  but  these 
styles  may  be  used  for  ordinary  countersinking  as  well. 


COUNTER  BORB. 
68.  Ordinary  Types. — Counterborlag  consists  of 
enlarging  a  hole  at  one  end  so  that  the  enlarged  part  has 
parallel  sides  and  a  flat  bottom,  as  illus- 
trated in  Fig.  3  (S).  For  small  counter- 
bores,  any  of  the  pin  countersinks  already 
described,  with  the  cutting  faces  ground 
at  right  angles  to  the  center  line,  as  in 
Fig.  60,  are  frequently  used. 

69.  Double-End  Cutter.  — A  better 
counterbore,  Fig.  51,  is  made  from  a  round 
bar  of  steel  with  a  rectangular  hole  cut 
through  it,  into  which  a  flat  cutter  a  is 
inserted  and  held  by  means  of  a  key  6. 
The  lower  end  of  the  bar  is  made  to  fit  the 
hole  without  any  play,  while  the  length  of 
^°-''>-  the  cutter  represents  the  diameter  of  the 

counterbore.     This  cutter  cuts  on  both  sides  of  the  bar. 
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and  great  care  must  be  taken  to  have  it  project  the  same 
distance  on  each    side,  and   to 
have  the  cutting  edges  ground 
so  that  both  sides  will  take. an 
equal  cut. 

70.  Slnffie-End  Cutter. — 

This  style  of  counterbore  is 
sometimes  made  with  the  cutter 
projecting  on  one  side  only. 

The  latter  tool  is  used  very  gen-    . C 

erally  in  boring  holes  in  horizon- 
tal drilling  and  boring  machines, 
and  is  usually  called  a  boring  bar 
and  cutter.  Pio.  si. 

71.  Milled  End  of  Bar. — Sometimes  the  lower  end  of 
the  boring  bar  and  of  the  pin  on  the  pin  counterbore  is  made 
with  the  corners  slightly  rounded  and  serrated.  This  is 
especially  useful  when  the  hole  is  drilled  slightly  under  size 
or  is  not  perfectly  round,  as  it  enables  the  boring  bar  to  cut 
away  enough  metal  to  permit  it  to  turn  freely. 

72.  Counterbore  for  Lriffht  Work. — A  very  useful 
tool  for  counterboring  is  illustrated  in  Fig.  62  {a),  A  circu- 
lar hole  a  is  drilled  in  the  bar  ^,  in  which  a  circular  piece  of 
tool  steel  c  is  inserted  and  held  in  place  by  a  pin  d.  The  bar 
is  then  put  in  a  lathe  and  the  ends  of  the  tool  c  turned  up  to 
the  desired  diameter.  The  ends  are  backed  off  and  the  cut- 
ting edges  ground  as  shown.  The  lower  end  of  the  bar  is 
turned  to  the  diameter  of  the  hole  below  the  counterbore,  to 
form  a  guide  for  the  tool. 

This  tool  gives  very  good  results  when  operated  with  care 
and  on  light  cuts,  but  the  cutter  is  not  heavy  enough  to 
stand  a  very  heavy  strain.  The  breaking  of  the  cutter  is, 
however,  not  a  serious  matter,  as  it  can  be  replaced  with 
very  little  loss  of  time  and  at  small  expense. 

73.  Counterbore  IVitb  Changeable  Tool.  —  This 
same  style  of  cutter  may  be  used  with  the  device  shown 
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in  Fig.  52  (6)  without  danger  of  breaking  under  ordinary 
usage.  The  bar  i  has  a  hole  a  drilled  into  it  as  in  Fig.  52  (^ ), 
and  immediately  above  this  a  slot  c  is  formed.  The  tool  d 
is  made  with  an  angle  on  top,-  as  shown,  and  a  support  e  for 
the  cutter  is  shaped  to  fit  this  angle  and  the  slot  c  when  the 
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tool  stands  in  its  proper  position.  A  wedge /holds  the  tool 
and  its  supporting  piece  rigidly  in  place,  while  the  pin  g 
prevents  any  end  motion  of  the  cutter.  The  piece  e  should 
run  the  entire  length  of  the  cutter,  in  order  to  furnish  as 
much  support  for  the  ends  of  the  tool  as  possible. 

A  set  of  cutters  and  supports  of  different  lengths  may  be 
made  for  use  in  the  same  bar,  thus  providing  counterbores 
of  a  number  of  sizes  at  a  very  small  cost.  A  set  of  collars 
for  the  bar  end  that  will  fit  various  holes  will  render  this  tool 
available  for  a  large  range  of  work.  • 

74.  Special  Counterbore.  —  Another  tool  that  is 
sometimes  used  in  counterboring,  and  is  available  for  a  broad 
range  of  work,  is  shown  in  Fig.  63.  The  body  a  has  grooves  b 
running  lengthwise,  into  which  blades  ^,  with  side  projec- 
tions dy  are  fitted.  The  blades  are  held  in  place  longitudi- 
nally by  the  hooked  ends  e,  which  fit  a  corresponding  groove 
in  the  nut/".  An  opening  ^at  the  end  of  the  nut  permits 
the  blades  to  enter  when   the  nut  is  turned  to  the  right 
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position.  When  the  blades  are  all  in  place,  they  are  moved 
to  the  right  location  on  the  body  by  screwing  up  the  nut/, 
and  are.  locked  in  place  by  the  lockout  A. 

It  will  be  seen  that  by  making  sets  of  blades  of  different 
sizes  and  providing  center  pins  i  of  corresponding  sizes,  a 
set  of  counterbores  covering  a  wide  range  of  work  may  be 
provided.     While  this  Cool  is  more  expensive  than  the  one 


shown  in  Fig.  S%  (^),  it  has  the  advantage  of  being  available 
for  smaller  holes,  since  the  size  of  the  center  pin  may  be 
made  much  smaller.  This  tool  will  therefore  cover  a  broader 
range  of  work,  and,  when  once  constructed,  can  be  used 
until  the  greater  part  of  the  blades  is  worn  away,  thus 
avoiding  the  expense  of  frequent  renewals. 


SPOT  PACING. 

75.  Definition.  —  A  very  common  drilling-machine 
operation  is  the  facing  of  spots  about  drilled  holes,  to  form 
smooth  surfaces  for  the  heads  or  nuts  of  bolts  or  other  ma- 
chine parts.  When  the  faced  area  is  quite  small  and  the 
facing  is  done  with  a  rotating  cutter,  the  operation  is  called 
Bpot  faclnff. 

76.  Forms  of  Cutters. — The  cutters  are  the  same  as 
those  used  for  counterboring,  and  the  only  difference  in  the 
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operation  lies  in  the  depth  of  the  cut.  A  counterbore  may 
be  of  any  depth,  but  the  spot  facing  is  only  carried  deep 
enough  to  form  a  smooth  bearing  surface.  The  bar  with 
inserted  cutter  is  especially  well  adapted  to  spot  facing 
flanges  of  cylinders,  cast-iron  pipe  flanges,  etc. 

77.     Spot  Facins  Lower  Side  of  Flange. — Fig.  54 
shows  a  piece  of  pipe  on  which  the  flanges  must  be  spot 

faced  on  the  lower 
side.  The  flanges 
are  drilled  in  the 
ordinary  way,  after 
which  the  drill  is 
removed  from  the 
socket  and  the  cut- 
ter bar  put  in  its 
place.  The  cutter 
is  then  removed 
from  the  bar,  the 
bar  passed  through 
the  hole,  and  the  cutter  again  put  back  into  its  place  in  the 
bar  with  its  cutting  edges  toward  the  flange.  The  facing  is 
done  by  feeding  the  drill  spindle  backwards. 


Pig.  54. 


CENTER  DRILLS. 

78.  Although  center  drilllns:  is  essentially  a  drilling- 
machine  operation,  it  is  so  closely  associated  with  lathe  work 
that  it  has  been  discussed  under  that  head,  and  descriptions 
of  tools  and  their  various  uses  are  found  in  Art.  23,  Lathe 
Work,  Part  1. 


TAPS. 

79.  The  forms  of  taps  used  in  drilling  machines  re- 
semble those  employed  with  the  lathe.  In  holes  that  do  not 
run  through  the  material,  taper  and  plus  taps,  Fig.  55, 
are  required,  the  former  to  start  the  thread  and  the  latter 
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to  complete  it  to  near  the  bottom.  When  a  full  thread 
must  be  run  all  the  way  to  the  bottom  of  the  hole,  the  plug 
tap  is  followed  by  a  bottoming  tap»  shown  in  Fig.  55. 
In  the  case  of  holes  that  pass  through  the  material,  the  taper 
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tap  alone  may  be  used.  In  high-speed  machines,  such  as 
pneumatic  drills,  a  long  taper  tap  gives  the  best  results,  on 
account  of  the  fact  that  less  material  is  removed  by  each 
tooth,  the  work  being  distributed  along  the  length  of  the  tap. 
The  shanks  of  taps  that  are  to  be  employed  in  the  drilling 
machine  exclusively  may  be  made  to  fit  the  spindle  or  a 
collet  of  the  machine  for  which  they  are  intended.  When 
they  are  required  for  general  use,  special  sockets  are  needed 
to  receive  the  square  shank  of  the  tap. 


DEVICES   FOR   HOLDING   TOOLS. 

80.  Straight  Socket  IVitb  Setscrew.  —  Various 
devices  for  holding  tools  in  drilling-machine  spindles  have 
been  brought  into  use.  One  of  the  earliest  of  these — still 
found  in  some  shops — consists  of  a  hole  drilled  in  the  bot- 
tom of  the  spindle,  with  a  setscrew  holding  the  drill,  as 
shown  in  Fig.  56.  This  device  has  several  disadvantages. 
The  drill   may  press  on  one  side  of  the  screw  and  in  a 
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direction  that  tends  to  loosen  it.  To  prevent  this,  the  screw 
is  jammed  upon  the  drill,  causing  a  burred  shank  that  it  is 
difiScult  to  remove.  When  the  shank 
does  not  fit  the  socket  exactly,  the 
pressure  of  the  screw  on  one  side 
throws  the  drill  off  the  center  of  the 
spindle  and  results  in  the  cramping 
of  the  drill  and  a  poorly  formed  hole, 
and  often  in  an  injured  or  broken  drill. 

81.     Taper  Sbanlc — A  very  sim- 

pie  and  eflficient  means  of  holding  the 

drill,  known  as  the  taper  sbaok,  is 

shown  in  Pig.  57.     The  drill  spindle  a  is  made  with  a  tapered 

hole  b  at  the  lower  end.     At  the  upper  end,  the  hole  is  made 


flat  on  two  sides  to  receive  a  tang  or  flattened  projection  on 
the  upper  end  of  the  drill  shank. 

The  taper  that  is  in  most  common  use  for  drill  shanks  is 
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known  as  the  Morse  taper  and  is  about  J  inch  per  foot.  This 
taper  is  just  great  enough  to  hold  the  drill  when  put  into 
place  with  a  quick  motion  of  the  hand  or  under  slight 
pressure.  The  drill  shank  must,  of  course,  be  made  with 
precisely  the  same  taper  as  that  in  the  spindle,  so  that  the 
entire  surface  will  be  in  contact.  The  tang  at  the  top  of 
the  drill  shank  must  also  fit  snugly,  as  it  takes  practically 
all  the  torsional  strain  that  comes  upon  the  drill  when 
cutting,  the  tapered  surface  taking  only  a  very  small  part. 
The  drill  is  removed  by  driving  a  taper  key  c  into  the  slot  d 
in  the  spindle.  The  slot  d  is  so  located  that  the  point  of 
the  key  just  passes  over  the  end  of  the  tang,  but  when  the 
body  of  the  key  is  driven  in,  it  forces  the  drill  out. 

82.  Drill  Sockets  or  Collets. — All  sizes  of  drills  can- 
not  be  made  with  the  same  size 

of  shank;  consequently,  it  is 
necessary  to  have  a  number  of 
drill  sockets  or  collets. 
Fig.  58  (fl)  and  [fi),  to  take  the 
sizes  of  drills  that  do  not  fit 
the  spindle.  The  upper  end 
of  the  socket  is  made  to  fit  the 
spindle,  or  the  next  larger  size 
of  socket,  while  the  lower  end 
is  made  to  fit  the  desired  drill. 
Collets  are  also  found  very 
serviceable  where  it  is  desir- 
able to  use  a  drill  with  one 
kind  of  shank  in  a  spindle  in- 
tended for  another.  Fig.  58  (c') 
illustrates  a  collet  for  a  taper- 
shank  drill  and  a  straight  "*■'  ''*-'  'V 
spindle.                                                               Fio.  Be. 

83.  Pln-Grlp  Socket.— A  form  of  drill  socket  that 
permits  the  drill  to  be  changed  while  the  spindle  is  running 
is  shown  in  Fig.  5i>.     The  shank  of  the  socket  a  is  made  to 
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fit  the  taper  of  the  spindle  b.  A  collet  c  is  made  to  fit  over 
the  shank  of  the  drill  d.  The  body  of  the  socket  e  is  bored 
out  straight  to  receive  the  collet,  which  is  held  in  place  by 
two  pins  that  enter  the  grooveyand  are  controlled  by  the 
collar^.  To  remove  the  collet,  the  collar  g  is  raised  with 
one  hand,  while  the  drill  is  in  motion,  and  the  collet  is  re- 
moved with  the  other  hand. 


Fig.  60  shows  a  partial  section  of  the  socket.  The  collar^ 
is  bored  out  to  form  an  internal  cam.  When  the  collar  is  in 
its  lowest  position,  it  holds  the  pins  A,  k  in,  as  shown,  their 
points  entering  the  groove/" in  the  collet.  When  ^ is  raised 
to  the  position  i  indicated  by  the  dotted  lines,  the  centrifu- 
gal force  tends  to  throw  the  pins  out,  thus  relieving  the 
collet.  The  ends  of  the  pins  are  tapered,  so  that  the  weight 
of  the  collet  or  drill  will  assist  in  moving  them  out  when  the 
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machine  is  running  at  a  slow  speed  and  the  centrifugal 
force  alone  is  not  sufficient.  The  collar  is  brought  back  by 
its  own  weight  when  relieved  by  the  hand.  The  collet  c  is 
made  with  a  tang/,  which  stands  between  the  two  pins  k,  k, 
thus  causing  it  to  rotate  with  the  spindle. 

84.  Key-Grip  Socket. — In  very  heavy  work,  the  tang 
sometimes  yields  to  the  torsional  strain  and  is  twisted. 
Fig.  61  illustrates  a  device  that  grips  the  body  of  the  shank 
as  well  as  the  end.     The  illustration  shows  the  grip  socket 


with  a  part  cut  away,  thus  exposing  all  the  working  parts. 
The  shank  and  tang  are  of  the  ordinary  taper  type.     A  key- 
way  a  is  cut  into  the  shank  of  the  drill  with  a  circular  cut- 
ter, thus  making  the  bottom  the  arc  of  a  circle.     The  key  b, 
which  fits  the  bottom  of  the  keyway  and  also  a  slot  in  the 
socket,  is  held  in  place  by  a  collar  r,  which  is  bored  eccen- 
trically, and  which,  when  in  the  position  shown,  causes  the 
key  to  grip  the  shank  with  a  tendency  to  keep  it  from  work- 
ing out,  as  well  as  preventing  it  from 
turning  in    the    socket.      To   remove 
the   drill,   the   collar  is  turned  to  a 
position   where    the    key   is   free   to 
move  out  of  the  drill  shank,  and  the 
drill  is  driven  out  in  the  usual  way.     '' 
This  device  can  be  used  with  any  of 
the   standard    taper-shank   drills   by 
simply  milling  in  the  keyway. 

85.  LlKlit  Drill  Chuck.— Sep- 
arate chucks  that  grip  the  drill  on 
two  or   more   sides  are   found  very  Pio.tt. 
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satisfactory  for  the  lighter  grades  of  work,  and  a  large 
number  of  different  kinds  have  been  made.  Fig.  63  repre- 
sents a  type  that  is  largely  used  for  small  drills.  The  body 
of  the  chuck  a  is  attached  to  the  drill  spindle  either  by 
means  of  a  screw  or  a  taper  shank,  as  described  above.  In 
three  holes  b  converging  toward  the  center  line,  as  shown, 
are  three  jaws  d,  which,  when  forced  forwards  by  the 
nut  c,  close  in  upon  the  drill  shank  and  grip  it  firmly.  The 
jaws  are  so  formed  that  the  parts  that  grip  the  drill  are 
always  parallel  and  therefore  grip  various  sizes  equally  well. 
The  nut  is  held  in  and  turned  with  the  collars,  which  is 
nurled  on  the  outside  to  furnish  a  better  grip  for  the  hand. 


S6.  Heavy  Drill  Chuck. — Another  form  of  chuck 
that  has  given  excellent  satisfaction  and  is  used  for  heavier 
work  than  the  one  just  described,  is  shown  in  Fig.  63,  The 
body  of  the  chuck  has  a 
slot  a  cut  across  the  lower 
end,  in  which  two  jaws  b,  b 
are  free  to  move  toward 
and  away  from  the  center. 
These  jaws  are  controlled 
by  means  of  a  screw  c,  one 
end  of  which  has  a  right- 
hand  thread  and  engages 
with  the  thread  on  one  jaw, 
i'j  while  the  other  end  has  a 
j  left-hand  thread  that  en- 
gages with  the  other  jaw. 
The  jaws  are  so  guided  that 
the  faces  are  always  parallel,  and  drills  of  any  diameter  that 
will  enter  the  chuck  are  gripped  equally  well,  A  hole  in  the 
plate  e,  which  is  screwed  to  the  bottom  of  the  body,  is  large 
enough  to  take  only  the  largest  diameter  of  drill  for  which 
the  chuck  is  designed.  A  plate  f  immediately  above  the 
jaws  contains  a  slot  g  made  to  fit  the  tang  on  the  upper  end 
of  the  drill  shank,  thus  preventing  the  drill  from  slipping  in 
the  chuck. 
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87.  Safety  Drllllne  and  TapplntE  Device. — A  very 
efficient  safety  device  for  drilling  and  tapping  is  illustrated 
in  Fig.  64.  A  shank  a,  which 
is  tapered  to  fit  the  spindle 
with  which  it  is  to  be  used, 
has  upon  its  lower  end  an 
enlarged  part  that  is  threaded 
on  the  outside  and  bored  out 
to  form  a  friction  seat  for  a 
socket  b.  A  cap  c,  which  has 
an   internal   thread   to  fit   the 

external  thread  on  a,  clamps  b  I 

between  itself  and  a,  form- 
ing another  friction  surface  ' 
■between  b  and  c.  Two  fiber 
washers  </ and  ^  are  placed  be- 
tween a  and  b  and  b  and  c, 
respectively.  The  cap  c  is 
tightened  on  the  washers  until 
the  friction  obtained  is  suffi- 
cient to  drive  the  drill  or  tap, 
and  is  held  in  adjustment  by 
the  check-nut  k. 

Two  spanner  wrenches  are  required  to  make  the  adjust- 
ment. Drill  and  tap  sockets  that  Ht  the  required  drills  or 
taps  are  made  to  fit  the  socket  b  and  are  kept  from  dropping 
out  by  the  catch  pin  /,  which  enters  the  grooves  m  and  win 
the  drill  and  tap  sockets,  and  is  held  in  place  by  a  spring 
and  retaining  screw.  The  sockets  are  driven  by  means  of 
two  feathers.  The  tap  shank  is  made  about  -^1  ^  inch  smaller 
in  diameter  than  the  tap  socket y,  thus  allowing  the  tap  to 
take  its  own  feed  without  injury  to  the  thread,  and  to 
center  itself  with  the  hole  without  binding,  while  a  catch 
pin  o,  held  in  place  by  a  flat  spring,  engages  with  a  groove 
in  the  tap  and  keeps  it  from  dropping  out  until  a  force 
greater  than  its  own  weight  is  applied.  A  specimen  of 
the  taps  used,  marked  i,  shows  how  the  shank  is  con- 
structed, /  being  the  groove  for  the  catch  pin.     The  drill 
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sockets  gy  which  are  made  in  various  sizes  to  take  different 
sized  drills,  have  a  standard  taper  and  a  sloty  at  the  upper 
end  to  receive  the  tang. 

88.  Automatic  Reverse  Tapping  Chucks. — Where 
a  large  amount  of  tapping  is  done,  much  time  may  be  saved 
by  the  use  of  a  device  that  will  reverse  the  tap  and  back 
it  out,  either  when  the  tap  bottoms  or  sticks,  or  when  it 
has  run  the  required  depth.  Several  such  devices  are  on 
the  market  and  many  of  them  give  very  good  results.  In 
one  class,  the  mechanism  is  so  designed  that  the  tap  travels 
with  the  spindle  while  running  forwards,  but  as  soon  as  it 
meets  with  more  than  a  certain  amount  of  resistance,  a 
reversing  gear,  or  set  of  gears,  is  thrown  into  action  and 
the  tap  is  backed  out  at  an  increased  speed.  In  another 
class,  the  tap  is  also  reversed  and  backed  out  when  it  has 
run  a  stated  depth.  Such  a  device,  it  will  be  seen,  is  a  safety 
provision  as  well  as  a  means  of  saving  a  large  amount  of  time. 


SECURING  WORK  ON  THE  TABLE  OF  THE 
SIMPLE  DRILLING  MACHINE. 

89.  Securing  the  work  properly  on  the  table  of  a  drill- 
ing machine  is  one  of  the  important  parts  of  drilling.  A 
piece  that  is  not  properly  set  or  not  well  secured  will  not 
be  well  drilled,  although  all  other  conditions  may  be  perfect. 

90.  The  Table.  — The  table  of  the  ordinary  drill 
press  should  furnish  a  perfectly  plane  surface  standing  at 
right  angles  to  the  center  line  of  the  spindle.  It  should 
also  be  provided  either  with  holes  through  which  bolts 
may  be  passed  or  radial  slots  for  T-headed  bolts,  so  that 
work  may  be  clamped  rigidly  upon  it. 

91.  Securing  the  Work. — A  plain  piece  of  work,  in 
which  the  holes  are  to  be  drilled  at  right  angles  to  a  plane 
upon  which  the  piece  may  rest,  may  be  secured  very  simply 
in  the  following  manner:  The  piece  ^,  Fig.  65,  which  is  to 
be  drilled,  is  laid  upon  the  table  b,  with  two  parallel  pieces 
of  iron  r,  c  under  it  to  raise  it  far  enough  from  the  table  to 
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prevent  injuring  the  latter  when  the  drill  emerges  from  the 
piece.  Two  clamps 
d^  d  are  then  placed 
with  one  end  upon  the 
piece  over  the  paral- 
lels, and  the  other  end 
upon  blocks  or  screw 
jacks  e^  e  of  the  same 
height  as  the  top  of 
the  piece.  Bolts  /*,  f 
are  then  put  through 
the  clamps  and  the 
table,  as  near  to  the 
work  as  the  holes  will 
permit,  and  the  nuts 
screwed  down  until  the 
clamps  press  firmly  up- 
on the  piece  and  hold 
it  rigidly  enough  to 
prevent  any  slipping 
while  the  drill  is  pass- 
ing through  it. 

The  above  illustra- 
tion embodies  the  essential  features  of  clamping.  A  piece 
must  always  be  set  so  that  the  center  line  of  the  hole  to  be 
drilled  is  parallel  to  the  center  line  of  the  spindle,  and  must 
be  clamped  rigidly  in  that  position.  Great  care  must  be 
taken  to  have  all  the  supports  so  adjusted  that  the  piece  will 
not  spring  out  of  shape  when  the  clamps  are  tightened  down. 

Irregular  parts  that  have  not  a  plane  surface  upon  which 
to  rest  must  be  supported  with  jacks  or  blocks  at  different 
points.  When  pieces  that  are  too  large  to  be  supported 
entirely  upon  the  table  are  to  be  drilled,  the  overhanging 
parts  must  be  blocked  up,  to  prevent  any  undue  strain  upon 
the  table  or  any  spring  in  the  piece  itself. 
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92.     Plain  Clamp. — The  clamps  are  often  made  by 
drilling  a  hole  a  little  larger  than  the  bolt  in  a  piece  of  flat 
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iron  of  suitable  length.  This  kind  of  clamp  is  sometimes 
made  with  an  offset,  as  shown  in  Fig.  66  {a),  which  serves  the 
double  purpose  of  forming  a  shoulder  to  prevent  the  work 
from  rotating  and  of  lowering  the  clamp-bolt  nut  so  that  it 
does  not  interfere  with  other  parts. 

93.  U  Clamp. — A  more  convenient  clamp  is  made  of  a 
piece  of  square  iron  bent  in  the  form  of  a  U,  as  shown  in 
Fig.  66  {6),  the  inside  width  being  just  great  enough  to  take 
the  bolt  freely.  Such  a  clamp  can  be  removed  and  replaced 
without  taking  the  nut  off  the  bolt.  In  some  cases,  the 
other  form  is  of  advantage,  however,  and  both  are  found 
among  the  accessories  of  a  drilling  machine.  The  U  clamp 
is  often  made  without  the  offset  at  the  end,  shown  in  the 
illustration. 
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Pig.  67. 

94*  Scre^w  Jack.  —  The  serene  Jacks  mentioned 
above  consist  of  a  cast-iron  foot  a,  Fig.  67,  which  has  a 
tapped  hole  running  vertically  through  it  and  a  square-head 
bolt  b,  with  a  thread  cut  the  entire  length  of  the  body, 
screwed  into  it.  The  top  of  the  bolthead  should  be  faced 
to  form  a  good  bearing  surface,  and  the  corners  rounded  to 


§10 


DRILLING  AND  BORING. 


45 


prevent  any  digging  when  adjusting  the  height.  The 
bottom  of  the  foot  is  sometimes  left  rough,  but  it  is  better 
to  have  it  finished. 

95.  Parallels. — The  parallels  used  in  blocking  up 
the  work  should  be  care- 
fully planed  and  should 
be  made  of  rectangu- 
lar cross-section  and  in 
pairs.  Sometimes  par- 
allels are  made  with  the 
width  exactly  twice  the 
thickness.  It  is  conve- 
nient to  have  the  width 
of  each  pair  equal  to 
the  thickness  of  the 
next  larger.  fio.  68. 

96.  V  Blocks  for  Supporting  Cylindrical  Pieces. 

Cylindrical  parts  are  usually  supported  on  V  blocks  a^ 
Fig.  68.  The  V  blocks  should  be  made  in  pairs,  so  that  a 
piece  resting  upon  them  may  be  exactly  parallel  to  the  drill 
table.  It  is  usually  of  advantage  to  make  the  block  wide 
enough  to  support  short  pieces  with  a  single  clamp,  as  shown 
in  Fig.  08.  A  hole  b  drilled  at  the  point  of  the  V  will  form 
a  clearance  in  planing.  The  two  sides  of  the  V  usually 
make  an  angle  of  90°  with  each  other. 

97.  Angle  Plates. — Pieces  with  a   plane    surface  at 
right  angles  to  the  surface  to  be  drilled  are  usually  attached 


Fig.  69. 


to  an  ans:le  plate  by  means  of  clamps,  as  illustrated  in 
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Fig.  69.  If  the  overhanging  part  is  too  long,  it  should  be 
blocked  or  jacked  up  and  clamped  at  another  point  as  far 
away  from  the  angle  plate  as  possible.  The  angle  must,  of 
course,  be  firmly  bolted  to  the  table. 

98.     C  Clamps. — The  style  of  clamp  shown  in  Fig.  69 

is  known  as  a  C  clamp  and 


is  shown  on  a  larger  scale 
in  Fig.  70. 

99.  Special  Angle 
Plates.  —  Angular  pieces 
are  frequently  supported 
on  angle  plates  of  the  same 
inclination  as  the  piece.  For  instance,  the  piece  a  in  Fig.  71 
is  clamped  to  an  angle  plate  b  of  the  same  inclination,  thus 
bringing  the  surface  to  be  drilled  parallel  to  the  table. 

lOO.  Vise. — A  vise  as  shown  in  Fig.  72  is  often  used 
for  supporting  the  work.  It  is  convenient  especially  where 
the  bottom  of  a  piece  is  irregular  and  yet  has  parallel 
sides  that  the  vise  may  grip  between  the  jaws  ^ ,  a,  A  lug  b 
on  each  side  forms  a  convenient  means  of  clamping  the  vise 
to  the  table. 

lOl.     Universal   Vise. — Fig.   73  shows  a  universal 
vise  that  may  be  bolted  to  the  table  of  a  drilling  machine 


Fig.  71. 


and  may  be  rotated  both  in  a  horizontal  and  in  a  vertical 
plane.  The  two  circles  a  and  b  are  graduated,  as  shown. 
Such  a  vise  is  especially  useful  where  holes  must  be  drilled 
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at  different  angles  in  the  same  piece.     The  piece  can  be  set 
either  horizontally  or  vertically,  and,  by  having  the  circles 


graduated,  it  can  be  rotated  to  any  desired  an^le  without 
resetting. 

102.  Neceralty    of  Clamplns    Rlffldly.  —  When    a 

piece  has  been  set  and  adjusted  in  a  vise,  the  jaws  and  all 
parts  that  are  liable  to  move  should  be  tightened  securely. 
In  a  good  vise,  provision  is  always 
made  for  clamping  every  joint.  In 
the  universal  vise  shown,  for  instance, 
it  is  not  safe  to  depend  on  the  adjust- 
ing screws  to  hold  the  work,  and  the 
clamping  screws  should  always  be 
drawn  tight  when  all  adjustments 
have  been  made. 

103.  Drllllne  Parts  To- 
gether. — When  two  adjoining  pieces 
are  to  be  drilled  so  that  the  holes  in 
the  two  are  to  match  perfectly,  they 
should  be  drilled  together  whenever 
practicable.  This  insures  a  perfectly 
continuous  hole,  and  avoids  a  great 
deal  of  awkward  and  expensive  fitting. 

104.  JlffH  and   Fixtures In 

manufacturing,  where   pieces  are  du-  Fio.m 

plicated  in  large  numbers,  special  Jigs  and  fixtures  are 
made  for  holding  and  drilling  the  work.  Some  of  these  will 
be  considered  later. 


DRILLING  AND  BORING. 

(PART  2.) 


TYPES   OF    DRILLING    MACHINES 
AND    THEIR    USES. 


DRILLS  FOR   LIGHT  AND  HEAVY  WORK. 


SIMPLrB  DRILLING   MACHINES. 

1.  Up  to  the  present  time,  only  the  simplest  type  of 
drilling  machine  has  been  considered — one  that  embodies 
only  the  principal  features  of  the-  elementary  drill. 

2.  Necessity  of  More  Flexible  Arransement. — It 

is  evident  that  in  our  modern  practice  there  is  need  of  a 
more  flexible  machines-one  that  will  accommodate  a  broader 
range  of  work  than  the  simple  machine  described. 

3.  Adjustable  Table. — The  great  difference  in  the 
size  of  the  work,  and  the  various  angles  at  which  holes  must 
be  drilled,  have  demonstrated  the  need  of  an  adjustable 
table  that  can  be  moved  vertically,  swung  about  the  column, 
and  rotated  about  its  own  center,  while  in  some  forms  of 
drills  it  may  be  tilted  to  different  angles. 

4.  Variable  Cutting  speed.  —  It  has  already  been 
seen  that  nearly  all  materials  possess  qualities  that  make  it 
necessary  to  use  different  cutting  speeds  in  order  to  work 
them  efficiently.  It  is  obvious  also  that  a  drill  of  large 
diameter  must  run  more  slowly  than  a  smaller  one,  the 
revolutions  per  minute  being  inversely  proportional  to  the 
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diameter  of  the  drill.  To  illustrate:  A  drill  i  inch  in  diam- 
eter may  make  twice  as  many  revolutions  per  minute  as  a 
drill  1  inch  in  diameter,  and  four  times  as  many  as  one 
2  inches  in  diameter,  in  the  same  material.  Provision  must 
therefore  be  made  for  a  number  of  different  speeds,  any  one 
of  which  may  readily  be  thrown  in  by  the  operator. 

5*  Variable  Feed. — A  more  flexible  means  of  feeding- 
must  also  be  provided.  It  is  frequently  necessary  to  have  a 
greater  pressure  upon  the  drill  than  the  hand  lever  described 
will  furnish,  and  po^ver  feeds,  in  which  the  rate  of  feed  can 
be  varied,  as  well  as  other  methods  of  feeding  by  hand,  have 
been  brought  into  use. 

6.  Movable  Spindle. — It  is  of  very  great  advantage, 
too,  in  some  classes  of  work  to  be  able  to  move  the  spindles 
to  accommodate  the  work,  and  this  has  been  accomplished 
in  several  different  ways.  It  is  evident,  however,  that 
every  machine  need  not  embody  all  these  features,  but  all 
these  and  others  are  seen  in  the  various  machines  found  in 
well-equipped  shops.  The  peculiar  features  of  each  machine 
are  determined  by  the  class  of  work  it  has  to  perform.  It 
must  always  be  remembered  that  the  machine  is  made  for 
the  work  and  not  the  work  for  the  machine,  and,  in  distrib- 
uting the  work  to  the  various  machines,  whether  drilling 
machines  or  other  machine  tools,  the  adaptation  of  the 
machine  to  each  piece  must  be  considered. 


MBDIUM-CLASS  DRILL.. 

7.  Fig.  1  illustrates  a  machine  that  is  largely  used  for 
light  and  medium-class  work,  and  one  or  more  of  this  gen- 
eral type  is  found  in  every  good  machine  shop.  This 
machine  differs  somewhat  from  the  elementary  machine 
described,  yet  it  embodies  the  same  essential  features. 

8.  Driving  Gear. — The  spindle  a.  Fig.  1,  is  driven  by 
means  of  a  pair  of  bevel  gears  d,  b  and  a  belt  running  on 
a  pair  of  stepped  or  cone  pulleys  r,  c.     The  four  steps  on 
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the  cones  furnish  four  different  speeds,  any  one  of  which 
may  be  obtained  by  simply  throwing  the  belt  to  the  desired 
step.  A  belt  running  from  the  pulleys  ^and  ^  to  a  coun- 
tershaft transmits  the  power  to  the  drill.     Either  d  ot  e 


Fio.  1. 

runs  loose  upon  its  shaft.  When  the  belt  is  on  the  loose 
pulley,  the  drill  stands  still.  To  start  up  the  drill,  the  belt  is 
shifted  from  the  loose  to  the  tight  pulley,  which  is  keyed 
rigidly  to  the  shaft,  and  therefore  transmits  the  power  to 
the  pulley  c  and  to  the  drill. 
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9.     Feed. — In  addition  to  the  lever  feed  already  described, 
a  wheel  feed  is  provided.     Tliis  consists  of  a  hand  wheel  / 
keyed  to  a  shaft  that  has  its  bearing  in  the  hub  g,  and  on 
the  other  end  carries  a  worm  h,  which  engages  with  a  worm- 
gear  /  mounted  on  the  lever  shaft  j.     It  will  be  seen  that  a 
much  greater  pressure  can  be  put  upon  the  drill  point  with 
the  hand  wheel  and  worm  than  with  the  lever,  and  it  is  there- 
fore used  for  the  heavier  work, 
while    with    small    drills    and 
materials  that  are  easily  cut, 
the  lever  is  used. 

Provision  for  using  either 
method  at  will  is  made  as  fol- 
lows: An  eccentric  bushing  in 
the  bearing  g,  in  which  the 
hand  wheel  and  worm-shaft  is 
carried,  may  be  rotated  by 
moving  the  small  hand  lever  i, 
thus  carrying  the  shaft  out 
until  the  worm  h  does  not  en- 
gage with  the  gear  i.  Fig.  2 
illustrates  how  this  is  done; 
a  represents  the  hand  wheel 
and  worm-shaft;  b,  the  bush- 
ing; c,  the  bearing;  and(/,  the 
worm-gear.  When  b  is  in  the 
P"^-*-  position  shown,  the  worm  and 

worm-gear  engage  with  each  other,  but  when  b  is  turned  to 
the  position  shown  by  the  dotted  lines,  the  shaft  a  and  the 
worm  are  carried  with  it  and  the  worm  and  worm-gear  are 
out  of  contact.  The  shaft  j.  Fig.  1,  is  then  free  to  be 
turned  by  the  hand  lever.  When  it  is  desired  to  use  the 
wheel,  the  lever  must  be  disengaged.  In  the  machine 
shown,  the  hand  lever  turns  the  shaft  j  by  means  of  the 
spring  latch  /,  which  engages  with  a  notched  wheel  ni  keyed 
to  j.  To  disengage  the  lover,  it  is  necessary  simply  to  hold 
the  latch  in  its  raised  position.  This  is  done  by  means  of  a 
catch  at  the  top  of  the  lever. 
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lO.  Table. — The  table  n  is  supported  on  the  arm  o 
and  may  be  rotated  about  its  center,  while  both  arm  and 
table  revolve  about  the  column  p.  The  table  may  be  raised 
and  lowered  by  means  of  a  gear  that  engages  with  the  rack  ^, 
and  is  turned  through  the  medium  of  a  worm  and  worm-gear 
with  a  wrench  or  crank  applied  to  the  square  r.  The  drill 
foot  s  is  used  as  an  auxiliary  table  upon  which  work  that  is 
too  large  for  the  table  n  may  be  placed. 

V  11.  Adjustment  and  Clamplnsr. — This  arrangement 
will  accommodate  a  wide  range  of  work,  while  all  operations 
and  adjustments  are  under  the  complete  control  of  the  oper- 
ator. It  must  be  remembered,  however,  in  dealing  with 
these  machines,  that  as  the  machine  is  made  more  flexible, 
so  as  to  accommodate  a  wider  range  of  work,  a  larger  number 
of  parts  and  joints  are  introduced,  and  greater  care  must  be 
taken  to  keep  every  part  in  perfect  adjustment.  When  a 
piece  is  set,  and  the  table  moved  so  that  the  drill  is  exactly 
central  with  the  hole  to  be  drilled,  the  table  should  be 
firmly  clamped  by  tightening  the  bolts  in  all  its  movable 
joints. 
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12*  A  heavier  machine  of  this  same  type  is  shown  in 
Fig.  3.  The  driving  mechanism  is  furnished  with  a  back 
gear  at  a,  in  order  to  supply  a  greater  variety  of  speeds. 
The  bevel  gears  driving  the  spindle  are  enclosed  at  d, 

13.  Feed.  —  This  machine  is  supplied  with  a  rapid 
band-lever  feed  operated  by  the  lever  ^,  a  band-i^beel 

feed  operated  by  the  wheel  ^,  and  a  poller  feed  operated 
by  means  of  a  belt  running  on  the  cone  pulleys  e  and  y,  the 
latter  being  keyed  to  the  main  driving  shaft,  thus  transmit- 
ting the  power  to  a  pinion  and  rack  on  the  spindle,  through 
the  bevel  pinion  and  gear^and // and  the  worm  and  worm- 
gear  /  andy.  The  power  feed  is  thrown  in  and  out  by  means  of 
a  clutch  k,  which  is  controlled  by  the  pin  /  running  up 
through  the  vertical  feed-shaft.     When  both  the  power  and 

C.S.    IL^J4 
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harid-wheel  feeds  arc  to  be  thrown  out,  in  order  to  use  the 
rapid  hand-lever  feed,  the  bearing  m  is  moved  out  in  the 
direction  of  the  arrow  «,  by  turning  the  rod  o  with  which 


the  bearing  is  connected,  the  bearing/  being  pivoted  so  as 
to  permit  the  bearing  m  to  swing.  A  counterweight  s  bal- 
ances the  weight  of  the  spindle  and  reduces  the  friction  of 
the  feeding  device. 

14.  Table. — The  table  swings  about  the  column  as  in 
Fig.  1,  but,  instead  of  rotating  about  its  own  center,  it  has  a 
straight-line  adjustment  in  the  direction  of  the  center  line 
of   the  arm,   which  permits  a  straight  line  of  holes  to  be 
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drilled  without  moving  the  arm.  The  table  is  raised  and 
lowered  by  means  of  a  crank  q  connecting,  through  gears 
with  a  screw  in,  the  column  that  carries  the  nut  r  upon 
which  the  arm  rests.  

RADIAL  DRILLS. 


eiUPLE  RADIAL  DRILL. 

15.     A  machine  that  is  designed  for  a  class  of    work 
that  cannot  well  be  mounted  upon  a  drill-press  table,  either 


because  of  its  size  or  weight,  is  shown  in  Fig.  4  and  is  called 
a  radial  drill. 
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16.  Driving  Gear. — The  spindle  is  carried  in  a  head 
that  traverses  l^ck  and  forth  upon  a  radial  arm  a^  which  is 
hinged  upon  a  vertical  slide  s  on  the  column  b.     The  spindle 

is  driven  by  means  of  a 
belt  r,  which  runs  over 
pulleys  X  on  the  shaft  d 
and  y  on  the  end  of  the 
arm,  while  an  intermediate 
^'°*-  pulley   that   travels   with 

the  head,  and  about  which  the  belt  is  carried  by  means  of 
an  idler,  transmits  the  motion  to  the  spindle.  The  plan  of 
the  belt  c  is  shown  in  Fig.  6.  The  driving  pulley  x  is  splined 
upon  the  shaft  d^  while  the  pulley j'  is  supported  on  the  outer 
end  of  the  arm  a;  ^represents  the  driving  pulley  on  the 
drilling  head,  and  w  represents  the  idler.  The  motion  is 
transmitted  ejther  to  the  spindle  direct  or  through  back 
gears  shown  at/",  Fig.  4,  A  counterweight  /  balances  the 
weight  of  the  spindle,  thus  relieving  the  feeding  device. 
The  head  is  traversed  by  means  of  a  hand  wheel  z/,  which 
has  a  worm  on  the  other  end  of  its  shaft  engaging  with  the 
rack  g, 

17*  Feed. — Both  hand  feed  and  power  feed  are  pro- 
vided. The  former  is  operated  by  the  hand  wheel  h  on  the 
oblique  shaft  /,  which  has  a  worm  y  on  its  end  that  engages 
with  a  rack  on  the  upper  end  of  the  spindle.  The  power  feed 
is  obtained  by  means  of  a  worm  on  the  spindle  running  in  a 
worm-gear,  and  is  connected  with  the  oblique  shaft  i  by 
means  of  the  gears,  worm,  and  worm-gear  at  k.  The  hand 
feed  or  power  feed  is  thrown  in  as  desired  by  means  of  the 
hand  wheels  /  and  m  and  the  pin  n. 

In  the  larger  sizes  of  this  type  of  machine,  a  power  trav- 
erse for  the  head  is  also  furnished,  taking  its  power  from 
a  screw  in  the  radial  arm  a,  which  is  connected  with  the 
vertical  shaft  d  by  means  of  a  pair  of  bevel  gears.  The  arm  a 
and  slide  s  are  raised  by  means  of  a  screw  in  the  column 
that  runs  in  a  nut  attached  to  the  slide  between  the  guides 
of  the  upright.     The  power  is  transmitted  to  this  screw 
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through  the  gearing  at  o^  and  is  controlled  by  the  handle  / 
on  the  lower  end  of  the  vertical  rod  q, 

1 8.  Foot-Plat©  and  Table.— The  work  for  which  this 
type  of  drill  is  used  is  usually  large  and  is  generally  sup- 
ported on  the  foot-plate  r,  which  is  finished  and  fitted  with 
slots  for  T-head  bolts.  The  table  s  is,  however,  provided  for 
smaller  pieces,  or  pieces  that  require  side  support.  It  is 
finished  and  has  slots  for  supporting  work  on  the  top  and 
sides.  For  light  work,  its  own  weight  is  sufficient  to  hold 
it  in  place,  but  for  very  heavy  cuts,  or  where  there  is  a 
tendency  to  tip,  it  should  be  bolted  down. 

19.  Setting  tlie  Work. — The  same  general  rules  that 
apply  to  ordinary  drill-press  work  apply  to  the  radial  drill. 
The  work  must  always  be  so  set  that  there  will  be  no  spring 
in  the  piece  when  the  clamps  are  tightened,  and  should  be 
so  placed  that  as  much  work  as  possible  may  be  done  with- 
out resetting. 


GBAR-DRIVGN  RADIAL  DRILL.. 

20.  The  general  type  of  radial  drill  already  described  is 
often  driven  by  means  of  gearing  and  rods  instead  of  the 
belts  u  and  c.  The  power  is  transmitted  directly  from  the 
main  driving  cone  to  a  vertical  rod  in  the  center  of  the  col- 
umn, then,  by  means  of  gears  at  the  top  of  the  column,  to  a 
vertical  rod  corresponding  to  d^  Fig.  4.  Another  pair  of 
bevel  gears  connect  this  rod  with  a  horizontal  rod  on  the 
arm  a^  which  is  geared  to  the  spindle  in  the  drilling  head. 


RADIAL  DRILL  WITH  OUTBR  COLUMN. 

21.  The  type  of  radial  drill  mentioned  above  has  ac- 
quired a  large  place  in  drilling  operations,  and  for  work 
where  extreme  accuracy  is  not  essential,  it  has  given  ex- 
cellent satisfaction.  There  are  cases,  however,  where  the 
spring  of  the  various  overhanging  parts  causes  errors  that 
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are  objectionable,  and,  to  overcome  this  spring,  a  supporting 
column  at  the  outer  end  of  the  radial  arm  is  sometimes 
added.  Fig.  6  represents  such  a  machine,  which  is  called  a 
radial  drill  i^ith  outer  column.  The  column  a  with 
the  radial  arm  b  swings  in  an  arc  about  the  center  of  the  main 
column  c^  and,  when  moved  to  the   right  position,  it  is 
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clamped  to  the  bed  by  means  of  the  bolts  d^  thus  forming  a 
solid  support  for  the  arm.  A  simple  device  for  moving  the 
outer  column  consists  of  a  lever  e  linked  to  the  foot  of  the 
column,  as  shown.  The  lower  end  of  the  lever  enters  a  series 
of  holes/"  in  the  bed,  thus  forming  a  series  of  fulcrums  for 
the  lever  as  the  column  is  drawn  along. 
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Aside  from  the  outer  column  and  the  provision  for  moving 
it,  this  machine  is  substantially  the  same  as  an  ordinary  gear- 
driven  radial  drill.  The  power  is  transmitted  to  the  spindle 
through  a  pulley  that  connects  with  a  vertical  rod  in  the 
center  of  the  column  c.  This  rod  is  geared  to  an  outer  ver- 
tical rod  that  moves  with  the  radial  arm  through  the  gears 
at  k.  The  power  is  transmitted  to  the  cone  /  through  a  pair 
of  bevel  gears,  thence  by  belt  to  the  cone  «,  which  is  con- 
nected either  directly  or  through  back  gears  ^  to  a  hori- 
zontal shaft/,  which  is  connected  through  gearing  with  the 
drilling  head  q. 


UNIVBRSAL  TABLB. 

22«  It  is  often  necessary  to  drill  holes  at  an  angle  in 
radial  machines.  For  the 
smaller  pieces,  a  universal 
table.  Fig.  7,  may  be  used, 
upon  which  the  piece  is  set 
and  tilted  to  the  desired 
angle.  The  table  is  bolted 
to  the  foot-plate  by  the  lugs 
Uy  a.  It  may  be  turned 
about  its  center  upon  the 
circle  ^,  while  the  top  can  be 
set  at  an  angle,  as  shown,  by 
means  of  the  handle  c  and  a 
worm  and  worm-gear  d. 
Clamping  bolts  on  each  circle 
hold  the  table  firmly  in  place  fig.  7. 

when  it  has  been  adjusted  to  a  desired  position. 


VJNIVBRSAL  RADIAL  DRILL. 

23.  In  large  work  that  cannot  be  supported  upon  a  uni- 
versal table,  a  radial  drill  with  an  arm  that  can  be  rotated 
about  its  own  center,  and  equipped  with  a  head  that  can  be 
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thrown  to  any  angle,  as  shown  in  Fig.  8,  has  been  found  very 
useful.  The  rotation  of  the  arm  is  obtained  by  pivoting .  it 
upon  the  center  of  the  shaft  c  Such  a  machine  is  called  a 
universal  radial  drill.  The  circle  a,  upon  which  the  arm 
is  rotated,  is  graduated' in  degrees,  and,  as  the  arm  may  be 
turned  through  the  entire  circle,    an  adjustment  to  any 
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angle  may  be  made  very  quickly  and  accurately.  The  circle  6 
on  the  head  is  also  graduated,  thus  furnishing  a  ready 
means  of  setting  the  spindle  to  almost  any  conceivable  angle. 
This  machine,  while  differing  from  the  radial  drills  already 
described  in  some  details,  maintains  the  same  general  con- 
struction. A  careful  inspection  of  the  illustration  will 
readily  explain  the  utility  of  all  the  parts. 
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OTHER  VARIETIES  OF  DRILLS. 

24*  Object. — The  present  tendency  toward  specializa- 
tion has  brought  about  the  use  of  tools  especially  designed 
to  save  time  and  prevent  error  in  the  duplicating  of  parts. 


Ok 
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It  has  been  found  that  in  drilling  a  large  number  of  holes  in 
one  piece,  time  may  be  saved  by  using  multiple-spindle 
drlUliiff  macliliieB. 
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26.  Spindles  in  One  Plane.  —  Fig.  9  illustrates  a 
machine  of  this  type  with  six  spindles  that  have  their  center 
lines  all  in  one  plane.  The  spindles  are  driven  from  the 
same  shaft  a  by  means  of  worms  and  worm-gears  by  the  shaft 
a  connecting  with  the  driving  cone  g  through  the  gears  h 
and  i.  The  motion  for  the  feed  is  taken  from  the  shaft  r, 
running  in  the  cross-rail,  and  is  transmitted  to  each  spindle 
by  gearing  and  clutches  at  d^  the  feed-shaft  c  being  driven 
from  the  shaft  ^z  by  a  belt  on  the  cone  pulleys  e  and  /,  which 
also  furnish  the  variable  feed. 

The  table  on  the  machine  shown  is  not  movable,  and  only 
work  of  a  moderate  depth  can  be  drilled  in  it.  This  same 
general  type  of  machine  is,  however,  frequently  made  with 
an  adjustable  table.  The  spindles  can  be  moved  along  the 
cross-rail  and  adjusted  to  any  distance  apart,  within  the 
range  of  the  machine,  while  any  number  of  holes  from  one 
to  six  may  be  drilled  at  the  same  time. 

This  type  of  machine  is  used  principally  for  plate  work, 
structural  iron,  and  other  light  work  requiring  a  large 
number  of  holes  in  a  straight  line.  Modified  forms  are  used 
largely  for  drilling  locomotive  frames  and  bridge  chords, 
and  for  tapping  nuts  in  large  numbers  in  bolt  and  nut 
factories. 

26«  Universal  Adjustable  Spindles.  —  Multiple- 
spindle  drills  are  frequently  made  with  universal  acUust- 
able  spindles.  The  universal  joints  allow  the  spindles  to 
be  moved  in  and  out  as  well  as  along  the  cross-rail.  With  this 
arrangement,  holes  that  are  not  in  line  with  one  another 
may  be  drilled  at  one  setting,  or  if  the  holes  are  to  be  tapped 
or  reamed  and  are  far  enough  apart,  half  the  spindles  may 
be  equipped  with  drills  and  the  other  half  with  taps  or 
reamers,  so  that  when  the  holes  are  drilled  the  piece  may 
be  moved  to  the  other  set  of  spindles  and  finished  without 
taking  it  off  the  machine. 

Jigs  should  always  be  used  in  drilling  with  universal 
joint  spindles,  since  the  short  lower  bearing  is  liable  to 
become  slightly  worn  or  may  not  be  in  perfect  adjustment. 
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thus  introducing  inaccuracies.    A  well-constructed  jig  guides 
the  drill  perfectly  and  avoids  this  danger. 

27.  Vertical  Flanse-Drilliiig:  Machine. — A  very 
useful  multiple-spindle  drill  is  shown  in  Fig.  10.  Here  the 
spindles  may  be  adjusted  about  the  center  of  the  main  dri- 
ving spindle  a.     The  drill  spindles  are  all  equipped  with 


Pio.  la 

universal  joints  and  each  one  moves  independently  of  the 
others.  This  enables  the  machine  to  drill  as  many  holes  as 
there  are  spindles  in.  one  circle,  or  the  spindles  may  be 
arranged  in  two  or  more  circles  or  set  irregularly,  as  desired. 
This  machine  is  designed  for  drilling  engine  cylinders,  pipe 
flanges,  valve  bodies,  etc.,  but  it  may  be  used  for  almost 
any  work  where  such  a  grouping  of  drills  is  desirable.  The 
illustration  shows  a  piece  of  pipe  clamped  upon  the  drill 
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table  with  jig  attached  and  drills  inserted,  ready  for  drill- 
ing. The  power  is  transmitted  to  the  spindles  by  a  spur 
gear  on  the  main  spindle  a^  and  a  small  pinion  on  the  upper 
end  of  each  of  the  drill  spindles  enclosed  in  the  upper  part  of 
the  head  b.     The  drill  spindles  are  held  vertically  in  both 

the  upper  and  lower  bearings. 
The  feed  is  obtained  by  lower- 
ing the  entire  head  b.  This 
may  be  done  either  by  means  of 
the  pilot  wheel  c^  or  by  power 
by  means  of  a  belt  running 
on  the  cone  pulleys  d  and  e, 

28«  Horizontal  Flannre- 
Drilling  Machine.  —  Mul- 
tiple-spindle drilling  machines 
with  two  heads  set  horizon- 
tally upon  a  long  bed,  intended 
especially  for  drilling  the  two 
ends  of  engine  cylinders,  pipes, 
etc.  at  the  same  tiifie,  have 
recently  been  placed  on  the 
market.  The  construction  of 
the  heads  is  practically  the 
same  as  that  shown  in  Fig.  10, 
the  only  difference  being  that 
they  are  placed  horizontally  on 
the  bed.  The  work  is  held  on 
a  table  between  the  two  heads. 
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29«  The  drilling  machines 
already  described  have  been 
designed  for  the  heavier  grades  of  work.  There  is,  how- 
ever, a  large  amount  of  light  work  in  a  machine  shop  upon 
which  drills  must  be  used,  and  which  is  too  small  to  stand  the 
strain  of  heavy  machines.  This  has  led  to  the  development  of 
a  lighter  and  more  sensitive  class  called  sensitive  drills. 
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Fig.  11  illustrates  a  machine  of  this  class.  The  power  is 
transmitted  directly  to  the  spindle  by  means  of  belts,  while 
the  speeds  are  varied  by  the  use  of  the  ordinary  cone  pul- 
leys. The  feed  is  of  the  simple,  hand-lever,  pinion-and-rack 
type,  already  described,  which  is  the  most  sensitive  arrange- 
ment in  use,  any  variation  in  the  working  conditions  of  the 
drill  point  being  readily  felt  with  the  hand  upon  the  lever. 
The  table  a  of  the  drill  shown  has  no  vertical  adjustment, 
but  may  be  swung  about  the  center  of  the  post,  out  of  the 
way  of  the  center  line  of  the  spindle,  so  as  to  permit  long 
pieces  to  be  set  upon  the  lower  table  b.  The  lower  table  and 
the  lower  spindle  bracket  c  are  both  adjustable  vertically, 
thus  permitting  pieces  of  greatly  varying  lengths  to  be  taken 
into  the  machine. 

This  class  of  machine  is  used  largely  for  center  drilling  in 
shops  where  a  special  machine  for  this  purpose  is  not  avail- 
able. The  funnel-shaped  piece  d^  commonly  called  a  cup 
center^  is  a  special  device  for  centering  the  lower  end  of  a 
shaft  that  has  been  cut  off  straight.  The  shank  is  set  in  a 
hole  in  the  center  of  the  lower  table  ^,  the  center  line  of 
which  coincides  with  the  center  line  of  the  spindle.  The 
cupped-out  top  of  d  is  made  a  perfect  internal  cone,  with  its 
axis  in  the  center  of  rotation  of  the  spindle.  A  shaft  that  is 
set  into  this  cup  and  is  held  with  its  center  under  the  drill 
at  the  upper  end  will,  therefore,  have  its  center  line  in  the 
axis  of  rotation,  and  a  hole  drilled  into  it,  when  held  in  this 
position,  will  be  concentric  with  the  outside  of  the  shaft 
throughout  its  entire  length. 


PORTABLE  DRILLS. 

30.  Introductory. — In  recent  years  there  has  been  a 
marked  development  in  light,  portable  machines  for  drilling 
and  kindred  purposes.  The  extreme  lightness  of  their  con- 
struction and  the  small  space  that  they  occupy  have  made 
them  available  for  much  of  the  work  that  was  formerly  done 
by  hand,  and  a  large  amount  of  time  and  hard  labor  may 
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be  saved  through  their  use.  Most  of  these  machines  are 
so  light  that  they  can  be  carried  about  and  operated  by 
one  man. 

31  •  Claases  of  Machines. — These  machines  may  be 
classed  under  three  heads,  deriving  their  names  from  the 
manner  in  which  they  are  driven,  viz. :  pneumatic  drtlU, 
electric  drills,  and  flexible-skaft  drills. 

32>  Pneumatic  Drills.  —  Portable  pneumatic  tools 
are  made  in  a  large  number  of  different  forms.     Some  are 


driven  by  means  of  oscillating  cylinders,  others  by  means  of 
vanes,  acting  through  gearing  that  gives  the  proper  reduc- 
tion of  speed. 

Fig.  12  shows  one  of  the  oscillating  cylinder  type  set  up 
for  drilling.  The  cylinders  and  gearing  are  enclosed  in  a 
case  a.  The  air,  which  for  this  class  of  work  is  generally 
compressed  to  about  80  pounds  per  square  inch,  is  brought 
from  the  air  compressor  or  storage  reservoir  to  the  drill 
through  a  rubber  tube  h,  the  tube  usually  being  protected 
by  means  of   wire    wound  spirally  about  it.     The  drill  is 
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fed  by  means  of  a  screw  c  and  is  operated  as  indicated  in 
the  illustration.  The  air  is  turned  on  or  off  and  the  flow 
regulated  by  means  of  a  valve  d,  which  is  controlled  by  the 
hand  of  the  operator.  This  type  of  machine  will  drill  and 
ream  holes  up  to  3  inches  in  diameter,  and  may  be  used 
for  various  other  operations,  such  as  tapping,  grinding 
steam  joints,  boring  in  wood,  etc. 

33.     Electric    Drills.  —  Electric     machines   that    are 
used   for  the  same   operations   embody   the  same  general 
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features  as  the  pneumatic  machines,   the   difference  being 
that  an  electric  motor  is  substituted  for  the  air  motor. 
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34.  Flexible  Shaft.— Pig.  13  illustrates  a  flexible- 
shaft  and  drilling  machine  set  up  ready  for  use.  The  power 
is  transmitted  to  the  shaft  through  a  rope  drive,  the  rope  run- 
ning from  the  pulley  b  on  the  driving  end  of  the  shaft,  over 
a  pair  of  idlers  c  hung  from  the  ceiling,  to  a  pair  of  idlers  d 

attached  to  the  floor,  as  shown, 


Wfffminm^  thence  to  the  pulley  e  on  the 

'^^^^^mUWm^KflgfmF^  countershaft.     By  either 

WkBSHKK^^^^^^  lengthening  or  shortening  the 

rope  attaching  the  idlers  d  to 
the  floor,  the  pulley  a  may  be 

moved  to  any  location  within  the  reach  of  the  driving  rope. 

A  variable  speed  is  obtained  by  means  of  the  step  pulley  e. 

The  shaft  is  made  by  winding  successive  layers  of  wire  in 

opposite  directions  about  a  center  wire,  as  shown  in  Fig.  14, 

the  outside  being  covered  with  leather. 

35.  Drillinur    Machine. — The    drilling    machine 

used  with  the  flexible  shaft  is  shown  in  Fig.  16.  It  con- 
sists of  a  pair  of  bevel  gears  a  and  d  mounted  in  a  frame  r, 
a  spindle  d,  feed-screw  e,  and  wheel  /.  The  bevel  pinion  a^ 
which  is  covered  by  a  guard,  is  attached  to  the  flexible  shaft, 
while  the  bevel  wheel  d  is  splined  upon  the  spindle  d.  The 
drill  is  held  in  the  spindle  in  the  usual  way. 

The  illustration  shows  how  the  machine  is  set  up  for 
drilling  with  the  flexible  shaft,  by  means  of  which  it  may  be 
operated  at  any  angle.  This  machine  may  also  be  used  for 
drilling  horizontal  holes  in  a  vertical  drill  press,  or  for  drill- 
ing vertical  holes  in  a  horizontal  machine,  by  attaching  it 
directly  to  the  drilling-machine  spindle  instead  of  the  flexible 
shaft. 

36.  Electrically  Driven   Flexible   Shaft. —When 

there  is  no  running  shaft  available,  the  flexible  shaft  may 
receive  its  power  from  any  convenient  portable  source,  as 
a  small  electric  motor  mounted  upon  a  suitable  truck.  The 
shaft  is  connected  to  the  motor  by  means  of  a  universal 
joint,  in  order  that  the  arrangement  may  be  as  flexible  as 
possible. 
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37.  Heavy  Portable  Macbine  Tools The  tend- 
ency toward  larger  unit^  in  manufactories  of  various  sorts 
has  introduced  a  new  phase  in  machine-tool  operations. 
Parts  that  are  too  heavy  to  be  machined  in  the  ordinary 
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stationary  machine  tools  are  now  met  with  quite  commonly 
III  machine  shops.  This  has  led  to  the  use  of  large  cast-iron 
lloors  upon  which  the  work  is  placed,  and  portable  machine 
tools,  which  may  be  carried  to  the  floor  and  set  up  in  any 
position  to  accommodate  the  work. 

Fig.  16  illustrates  a  case  where  a  135-ton  flywheel  was 
to  be  drilled  at  intervals  along  the  rim  for  the  purpose  of 
joining  the  sections  in  which  it  was  cast.  The  individual 
parts  were  machined  and  fitted  together,  but,  to  make  the 
joints,  several  2-inch  holes  had  to  be  drilled  through  26  inches 
of  solid  metal.     An  ordinary  radial  drill  was  lifted  from  its 
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base  and  set  upon  the  rim,  as  shown.  When  the  holes  at 
one  joint  were  drilled,  it  was  moved  to  the  next  joint  and  the 
operation  repeated,  until  all  the'joints  were  completed.     A 


rope  drive  was  used  in  transmitting  the  power  to  the  drill. 
The  idlers  were  attached  at  the  centec  of  the  wheel,  thereby 
making  it  possible  to  move  the  machine  to  any  point  on  the 
rim  without  changing  the  length  of  the  rope. 
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BORING   MACHINES. 

INTRODUCTORY. 

38.  It  has  already  been  stated  that  the  machine  tools 
of  the  present  day  have  their  origin  in  the  lathe,  which 
stands  out  as  the  parent  machine  tool.  Some  of  the  differ- 
ent machines  developed  have  passed  through  various  stages 
and  forms  in  the  course  of  their  evolution  and  have  become 
distinctive  types  in  themselves,  bearing  in  their  general  ap- 
pearance no  resemblance  to  the  machine  from  which  they 
were  derived. 

This  is  especially  noticeable  in  machines  used  in  boring 
operations,  these  being  regarded  by  the  present-day  observer 
as  a  distinctive  type  of  machine  tool  in  themselves.  Two 
subdivisions  have  even  been  made,  each  division  represent- 
ing a  type  of  boring  machine  adapted  to  a  certain  class  of 
work.  These  two  types,  namely,  vertical  and  horizontal 
boring  machines^  are  so  widely  different  in  their  construction 
that  the  most  careful  observation  is  necessary  to  establish 
their  relationship.  While  they  are  known  as  boring  ma- 
chines, they  both  perform  other  operations.  The  vertical 
type  is  designed  for  turning  as  well  as  boring,  and  is  often 
called  a  boring  and  turning  mill.  The  horizontal  type 
usually  performs  drilling  and  some  classes  of  milling  opera- 
tions, as  well  as  boring,  hence  the  name  horizontal  borings 
drilling^  and  milling  machifies. 


VERTICAL  BORING  MACHINE. 


GENERAL  DESCRIPTION. 

39.  Introductory. — Fig.  17  represents  the  ordinary 
vertical  boring:  and  turning:  mill  found  in  up-to-date 
machine  shops.  The  work  is  clamped  upon  a  rotating  table 
rt,  which  is  provided  with  slots  for  T-head  bolts  and  a  circu- 
lar hole  in  the  center,  as  shown.     The  cutting  is  done  by 
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means  of  tools  in  the  lower  ends  of  the  boring  bars  d,  6, 
there  being  on  the  machine  illustrated  two  of  these  bars 
carried  in  two  saddles  upon  a  cross-rail  c. 


o 


40.  Control  of  Cuttlnur  Tools. — The  tools  are  raised 
and  lowered  by  means  of  the  hand  wheels  d,  d,  or  by  power 
through  the  rods  ^,  e,  which  are  geared  to  the  boring  bars 
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and  connect  by  means  of  gearing  at  /  and  a  friction  wheel 
and  disk  at  g^  through  the  bed  of  the  machine  to  the  driving 
cone  h.  The  tools  are  fed  horizontally  by  means  of  the 
screws  «,  /,  which  traverse  the  saddles  upon  the  cross-rail. 
These  screws  may  be  operated  either  by  hand,  with  the 
handles/, y,  or  by  power  through  the  gearing  at/* and  fric- 
tion wheel  and  disk  at  ^,  already  referred  to.  Reversing 
devices  are  provided,  and  the  whole  machine  is  entirely 
under  the  control  of  the  operator.  The  cross-rail  is  raised 
and  lowered  by  power  through  th«  pulley  and  gearing  at  k. 

41.  Control  of  Feed. — The  rate  of  feed  is  regulated 
by  the  friction  wheel  and  disk  at  g.  The  wheel  can  be 
raised  and  lowered  by  turning  the  hand  wheel  /,  while  the 
position  of  the  disk  does  not  change.  It  will  be  seen  that  as 
the  wheel  approaches  the  circumference  of  the  disk,  it  will 
make  more  revolutions  per  revolution  of  the  disk  than  when 
near  the  center.  When  the  wheel  is  carried  below  the  cen- 
ter of  the  disk,  the  direction  of  motion  is  reversed,  while  the 
same  range  of  speeds  is  obtained  by  moving  it  toward  the 
circumference.  A  great  variety  of  both  vertical  and  hori- 
zontal feeds  in  either  direction  is  thus  obtained,  while 
clutches  and  reversing  mechanisms  in  the  saddles  place  the 
tool  perfectly  under  the  operator's  control.  Counterweights 
are  provided  wherever  possible,  in  order  that  all  parts  may 
be  operated  easily. 

42.  Arrannrement  of  Feed.  —  The  feeds  are  so  ar- 
ranged that  one  tool  may  be  turning  the  outside  of  a  piece 
while  the  other  is  boring,  or  they  may  both  be  either  boring 
or  turning  on  the  same  or  different  diameters,  or  one  tool 
may  be  facing  the  top  while  the  other  may  be  either  boring 
or  turning.  When  working  on  different  diameters,  the  tool 
on  the  smaller  diameter  has  a  slower  cutting  speed  than 
that  cutting  on  the  larger,  and  the  speed  must,  therefore, 
be  adjusted  for  the  larger  diameter.  These  operations  are 
virtually  the  same  as  those  carried  on  in  the  lathe,  and  the 
tools  used  for  these  operations  in  the  two  machines  are 
identical. 
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43.  Table. — The  table  is  rotated  by  means  of  an  in- 
ternal gear  on  its  lower  side,  and  a  pinion  that  is  connected 
through  a  pair  of  bevel  gears  to  the  driving  cone  //.  A  back 
gear  like  that  on  a  lathe  is  provided,  which,  with  the  differ- 
ent steps  on  the  cone,  furnishes  a  wide  range  of  speeds. 

The  table  is  supported  in  the  center  upon  a  long  vertical 
spindle  running  in  a  bearing  near  the  top  and  another  bear- 
ing at  the  bottom,  while  a  step  bearing  at  the  lower  end 
takes  the  thrust.  The  rim  of  the  table  runs  in  a  groove  in 
the  bed,  which  is  flooded  with  oil,  and,  when  running  slowly 
on  heavy  work,  the  greater  part  of  the  weight  is  taken  on 
this  rim. 

Provision  is  made  for  raising  and  lowering  the  table  when 
running  at  high  speeds  on  light  work,  so  that  the  entire  load 
is  taken  by  the  spindle.  A  screw  m  connects  with  a  wedge 
under  the  thrust  bearing  by  means  of  a  nut  and  lever,  and, 
by  turning  the  screw  in  one  direction,  the  wedge  is  forced 
in,  while  rotation  in  the  opposite  direction  withdraws  it. 
Conical  turning  or  boring  may  be  done  by  setting  the  head 
at  an  angle,  as  shown  at  the  right  hand  of  Fig.  17. 


BXTBNSION    BORING    MILL. 

44.  In  shops  where  there  is  occasionally  a  piece  of  large 
diameter  to  be  turned,  but  where  there  is  not  enough  of 
this  class  of  work  to  warrant  the  purchase  of  a  large  boring 
mill,  an  extension  boring:  mill  may  be  used  to  advantage. 
On  an  extension  mill,  the  bed  o.  Fig.  17,  is  made  with  an 
extension  at  the  back  and  ways  on  top,  on  which  the  hous- 
ings ;/  rest,  and  on  which  they  may  be  moved  back,  so  as  to 
accommodate  a  larger  piece  upon  the  table.  The  cross-rail 
is,  of  course,  carried  back  with  the  housings,  and,  in  order 
to  do  boring,  it  is  necessary  to  use  a  vertical  boring  bar  sup- 
ported from  an  arm  attached  to  the  cross-rail  and  resting  in 
the  center  of  the  table.  As  the  table  revolves,  the  bar  must 
stand  still.  A  hub  at  the  center  of  the  work  may  be  faced 
by  using  an  ordinary  facing  head,  such  as  is  used  in  facing 
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the  ends  of  cylinders  on  a  horizontal  boring  mill.  This 
simple  provision  in  a  mill  designed  for  the  average  work  of 
a  shop  will  enable  larger  pieces  to  be  machined  at  a  com- 
paratively small  increase  of  cost  for  machine  tools. 


BORING    AND   TURNING   OPBRATIONS. 

45.  Setting  the  \l^ork. — The  horizontal  table  of  the 
boring  mill  makes  the  setting  of  the  piece  differ  from  that 
of  the  lathe  and  resemble  the  setting  upon  the  drilling- 
machine  table.  The  piece  must,  of  course,  be  set  perfectly 
central  with  the  center  of  rotation  as  in  the  lathe,  and  must 
be  blocked  up  and  clamped  as  on  a  drilling-machine  table, 
or  set  in  jaws  as  in  corresponding  lathe  operations.  When 
turning  and  boring  a  flat  part,  as  an  engine-crank  disk,  for 
instance,  the  part  is  held  in  jaws  precisely  as  a  piece  of 
similar  form  would  be  held  on  a  lathe  face  plate.  When 
the  center  of  such  a  piece  has  been  bored,  the  top  faced, 
and  as  much  of  the  outside  turned  as  the  jaws  will  permit, 
the  piece  is  turned  over,  trued  up  with  the  center,  again 
gripped  in  the  jaws,  and  the  remaining  parts  finished. 

When  a  piece  is  held  in  this  way,  it  is  always  well  to  use 
one  or  more  drivers,  to  prevent  the  piece  from  yielding  to 
the  tangential  pressure  of  the  tool  and  slipping  in  the  jaws. 
Irregular  pieces  call  for  some  ingenuity  on  the  part  of  the 
operator,  but  the  principles  involved  are  the  same  as  those 

in  the  case  described. 

• 

46.  The  following  principles  may  be  taken  as  a  guide  in 
all  emergencies.  The  piece  must  always  be  set  with  the 
circumference  to  be  finished  exactly  concentric  with  the 
center  of  rotation,  and  the  center  line  must  be  perpendicular 
to  the  plane  of  the  table.  If  the  lower  surface  is  irregular, 
it  must  be  blocked  up,  so  that  the  conditions  mentioned 
above  are  true,  and  must  then  be  either  gripped  with  jaws 
or  clamped  as  in  the  drill  press,  drivers  being  provided  to 
take  the  twisting  strain.  The  drivers  may  be  simply  angles, 
or  any  devices  to  prevent  the  part  from  turning  on  the  table. 
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Care   must   also   be  taken  so   that   the   piece  shall  not  be 
sprung  out  of  its  true  shape  when  clamped  down. 

47.  Example  of  Setting.— Fig.  18  illustrates  how  an 
irregular  piece  may  be  secured  on  the  table.  Before  setting 
a  piece,  the  table  must  be  carefully  cleaned  and  lowered  so 
that  the  weight  is  taken  on  the  outer  rim.  When  this  is 
neglected,  there  is  danger  of  injuring  the  step  bearing  and 
also  of  springing  the  table.  The  piece  is  then  placed  on  the 
table,  set  approximately  central,  and  leveled  up  by  blocking 
at  regular  intervals.  In  Fig.  18,  screw  jacks  a  are  used  in 
leveling  up.     When  the  piece  is  approximately  level,  a  tool 


is  brought  very  near  the  circumference  to  be  turned,  and 
the  table  is  rotated  slowly.  Careful  observation  of  the  dis- 
tance between  the  part  and  the  tool  will  show  in  which 
direction  it  must  be  moved  in  order  to  bring  it  perfectly 
central.  At  the  same  time,  the  distance  from  the  tool  to 
the  upper  surface  may  be  observed  and  the  piece  brought 
level  as  well.  Several  trials  may  be  necessary  before  the 
correct  position  is  obtained.  Jaws  d,  which  are  supported 
upon  extension   arms  c,  which  in  turn  are   bolted   to   the 
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table  d^  are  used  for  centering  and  clamping.  The  jaws 
are  equipped  wi^h  adjusting  screws  e  to  control  the  grip  f. 
The  jaws  are  also  provided  with  clamping  bolts  (not  shown) 
by  means  of  which  they  are  secured  after  being  adjusted.' 

48.  All  adjustments  having  been  made,  two  drivers,  one 
on  each  side  of  the  center,  are  set  against  any  available  sur- 
face. In  the  illustration,  an  angle  g  is  set  against  a  lug  h 
and  is  clamped  on  the  table,  as  shown.  The  piece  having 
now  been  properly  secured,  it  may  be  well  to  test  the  setting 
again,  and  to  look  over  all  bolts,  so  as  to  be  sure  that  every 
part  is  fastened  securely,  after  which  the  machine  may  be 
started,  the  speeds  properly  adjusted,  and  the  tools  fed  as 
required.  The  cutting  conditions  are  the  same  as  in  a  simi- 
lar operation  in  a  lathe. 

The  piece  shown  is  held  by  three  vertical  jacks  a^  three 
jaws  ^,  and  two  drivers^.  On  pieces  where  a  flange  or  any 
other  surface  upon  which  a  clamp  may  secure  a  hold  is  avail- 
able, clamps  are  used  in  preference  to  the  jaws,  drivers  being 
applied  to  prevent  any  sliding  on  the  table.  In  some  cases, 
the  weight  of  the  part,  together  with  the  clamp,  furnishes 
grip  enough  on  the  surface  of  the  table  to  prevent  any  slip- 
ping, but  this  grip  is  very  uncertain,  and  it  is  better  not  to 
depend  on  it  entirely.  Other  special  boring  operations  are 
described  in  Drilling  and  Borings  Part  3. 


HORIZONTAL   DRILLING   AND   BORING 

MACHINES. 

49.  Introductory. — Horizontal  drilling  operations  are 
so  closely  associated  with  horizontal  boring  that  they  will 
be  considered  together.  Nearly  all  horizontal  machines  are 
designed  for  drilling,  boring,  and  milling,  the  spindle  being 
designed  for  any  of  these  operations.  The  economy  of  such 
an  arrangement  is  evident  when  it  is  considered  that  the 
boring  operation  requires  that  a  hole,  sufficiently  large  to 
permit  a  boring  bar  to  be  passed  through  it,  be  previously 
formed,  either  by  coring  or  drilling. 
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Small  holes,  up  to  about  2  inches  in  diameter,  are  usually 
drilled,  and  a  machine  that  will  do  both  the  drilling  and  boring 
with  one  setting  saves  a  large  amount  of  time.  Resetting,  or 
moving  to  another  machine,  frequently  takes  more  time  and 
requires  a  larger  number  of  men  than  the  drilling  or  boring, 
while  in  the  meantime  the  machine  is  standing  idle  and  the 
additional  service  of  a  power  crane  is  often  necessary.  For 
this  same  reason,  it  is  an  advantage  to  be  able  to  perform  a 
milling  operation  at  the  same  time.  It  will  be  observed 
that  these  three  operations  require  practically  the  same 
spindle  action,  and  can,  therefore,  be  carried  on  in  the  same 
machine.  It  is  economy  to  have  machine  tools  so  arranged 
that  the  greatest  possible  amount  of  work  may  be  done  with 
one  setting.  This  should  always  be  borne  in  mind  when 
selecting  and  arranging  machines,  as  well  as  in  their  opera- 
tion. 

50«  DrlUins:  and  Boring:. — It  has  already  been  stated 
that  drilltng  consists  of  sinking  circular  holes  in  solid  ma- 
terial. Boring:,  as  understood  in  a  machine  shop,  consists 
of  enlarging  and  truing  a  hole  that  has  previously  been 
made.  This  is  done  by  supporting,  independently  of  the  piece 
to  be  bored,  a  bar  that  carries  one  or  more  cutters.  The 
center  of  the  bar  thus  forms  the  center  of  the  bored  hole  in- 
dependently of  the  center  of  the  original  hole.  Where  the 
center  of  the  new  hole  does  not  correspond  with  the  center 
of  the  original  hole,  the  heavy  cut  on  one  side  will  cause  the 
bar  to  spring  and  the  hole  will  neither  be  perfectly  round 
nor  straight.  One  or  two  light  cuts  after  the  roughing  cut 
has  been  taken  usually  true  it  up.  When  the  cut  is  uneven, 
therefore,  provision  should  be  made  for  a  finishing  cut  by 
using  a  cutter  slightly  smaller  than  the  desired  hole  for  the 
first  cut. 

51  •  Simple  Boring:  Bar. — There  are  two  different 
styles  of  bars  used  in  this  operation.  The  simplest  of  these 
is  used  almost  entirely  for  the  smaller  holes,  and  resem- 
bles, in  construction,  the  counterbore  already  described  in 
Art.  69,  Drilling  and  Boring,  Part  1. 
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Pig.  19  represents  this  type  of  bar.  The  end  a  is  made 
to  fit  either  the  spindle  or  some  device  attached  to  it.  The 
bar   should  be  as  large  as  the  hole   will   permit,  in    order 
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that  the  spring  may  be  reduced  to  a  minimum.  The  mate- 
rial for  the  bar  should  be  selected  with  a  view  to  its  stiff- 
ness. For  the  larger  sizes,  cast  iron  is  often  used  because 
of  its  great  rigidity. 

52.  Cutter  Slot,  Cutter,  and  Key.— At  the  middle 
of  the  bar,  a  rectangular  slot  is  formed  to  receive  the  cutter 
b  and  a  key  r,  which  holds  the  cutter  in  place.  The  back  of 
the  cutter  and  the  front  of  the  key  are  slightly  tapered  in 
order  to  wedge  the  key  in  the  slot,  the  two  ends  of  which 
are  parallel  and  perpendicular  to  the  center  line.  When  the 
cutter  has  been  fitted,  it  should  be  turned  up  .in  the  bar, 
making  the  ends  parallel.  The  cutting  should  all  be  done 
on  the  front  edges,  which  are  formed  with  the  proper  clear- 
ance angles.  The  outer  corners  are  usually  rounded 
slightly. 

When  no  adjustment  of  the  cutter  is  required,  it  is  well  to 
fit  it  into  the  slot  with  a  slight  taper  running  from  the  out- 
side of  the  bar,  as  shown  by  the  dotted  line  d.  This  enables 
it  to  be  removed  and  replaced,  or  allows  other  cutters  that 
have  been  similarly  fitted  tol^e  inserted  in  its  stead.  This 
will  not  do  for  cutters  that  require  adjustment,  as  the  ta- 
pered sides  hold  them  firmly  in  one  position.  This  advantage 
is,  however,  so  great  that  it  is  generally  thought  better 
practice  to  have  a  set  of  cutters  of  different  sizes  properly 
fitted  to  the  bar  than  to  use  the  adjustable  form. 

53.  Location  of  Cutters. — The  cutter  is  placed  at  the 
middle  of  the  bar,  since  this  type  travels  through  the  work. 
The  work  extends  its  full  length  beyond  the  cutter  in  both 
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directions  as  the  latter  reaches  the  ends  of  the  work.  A 
pair  of  slots  similar  to  that  at  the  middle  are  put  near  the 
ends  of  the  bar,  where  the  ends  of  the  piece  are  to  be  faced, 
and  facing  cutters  are  inserted.  Thus, the  boring  and  facing 
will  be  done  with  the  same  bar  and  with  a  single  setting 
of  the  piece. 

54.     Lrcngtli  of  Bar. — This  type  of  bar  should  be  some- 
what more  than  twice  the  length  of  the  work,  in  order  that 

there  may  be  room  for 
setting  the  cutter  when 
the  work  stands  at  either 
end. 


X 


FlO.  90. 


55*  Nut  Support 
for  Cutter.  —  Another 
boring  bar  and  cutter 
of  this  same  class,  that 
possess  some  excellent 
features,  are  shown  in 
Fig.  20.  The  cutter  a  is  notched  with  tapered  sides  to  fit 
corresponding  tapers  on  the  bar,  as  shown.  A  nut  c  and 
collar  b  are  used  to  hold  the  cutter  instead  of  the  ordinary 
key.  A  better  support  for  the  cutter  is  thus  provided, 
while  the  danger  of  injury  due  to  the  use  of  the  hammer 
in  setting  the  cutter  is  entirely  eliminated. 

56.  Borins:  Bar  Witli  Traveling:  Head. — ^Another 
form  of  boring  bar  that  is  used  in  boring  holes  of  compara- 
tively large  diameter  is  shown  in  Fig.  21.  The  bar  a  is  usu- 
ally made  of  cast  iron,  cored  out  so  as  to  furnish  the  greatest 
stiffness  with  a  minimum  weight.  A  head  b  is  bored  to  fit 
the  bar  and  turned  on  the  outside  to  a  diameter  somewhat 
smaller  than  the  diameter  to  be  bored.  One  or  more  boring 
tools  c  are  let  into  the  head,  as  shown,  and  are  held  in  place 
by  the  straps  and  tap  bolts  at  d, 

57.  Boring:  Head. — The  head  is  traversed  by  means  of 
a  screw  e^  which  runs  in  a  slot  in  the  side  of  the  bar,  and  a 
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nut  on  the  inside  of  the  head.     The  slot  is  made  large  enough 

so  that  the  nut  is  free  to  travel 
from  end  to  end  as  the  screw 
is  rotated.  The  head  is  rotated 
with  the  bar  by  means  of  a  key 
in  the  head  and  a  spline  that 
runs  the  entire  length  of  the  bar, 
diametrically  opposite  the  feed- 
screw. Bearings  y,  f  support 
the  screw  at  each  end,  while  it 
is  rotated  with  reference  to  the 
bar  by  means  of  a  star  feed, 
acting  through  the  gears  at  A. 

58«  Rotation  of  Bar  and 
Support  of  Outer  End. — The 

bar  is  rotated  by  attaching  it  to 
the  spindle  of  a  boring  mill,  or 
by  means  of  special  gearing. 
The  outer  end  of  the  bar  is  sup- 
ported by  a  bearing  carried  upon 
a  pedestal  that  can  be  moved  on 
the  floor  to  suit  the  position  of 
the  head,  and  adjusted  to  any 
desired  height. 

59.  Faclne  Head. —  This 
type  of  bar  is  generally  equipped 
with  ar  facing  head,  as  described 
in  Art.  70,  that  is  clamped  to 
the  bar,  as  shown.  This  head 
receives  its  feed  in  the  direction 
of  the  length  of  the  bar  by  mov- 
ing the  whole  bar  and  spindle 
endwise.  The  facing  tool  is  fed 
radially  by  means  of  a  star  feed, 
as  described  in  the  article  men- 
tioned. 
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60.  Head. — One  of  the  simplest  types  of  drilling  and 
boring  machines  is  illustrated  in  Fig.  ^3.  The  general  ar- 
rangement of  the  head  resembles  very  closely  that  of  a 
lathe,  the  cone  pulley  and  back  gear  being  the  same.  Instead 
of  the  ordinary  face  plate,  there  is  an  attachment  on  the 
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end  of  the  spindle  for  supporting  either  a  drill  or  a  boring 
bar.  The  spindle  runs  through  the  center  of  the  cone  and 
is  so  splined  that,  while  it  rotates  with  the  driving  gear,  it 
may  be  fed  through  it  by  means  of  the  screw  a,  which  is 
turned  either  by  the  hand  wheel  ^  through  the  shaft  and 
gearing  shown  or  by  power  through  the  gearing  at  c. 

61.  Bnrtns-BarSupport. — An  outer  bearing i/ forms 
,  a  support  for  the  outer  end  of  the  boring  bar.     Slots  i  andy 

in  the  head  and  the  side  of  the  table,  as  shown,  permit  this 
bearing  to  be  moved  as  near  to  the  work  as  possible,  in  order 
to  prevent  any  unnecessary  spring  in  the  bar. 

62.  Table. — The  table  is  supported  at  the  outer  end 
and  provision  is  made  for  vertical,  side,  and  longitudinal 
adjustment  by  means  of  the  screws  e,  e,/,  and^,  respect- 
ively. 

63.  Setting  the  Work  and  Tonl».  —  The  work, 
which  is  set  upon  the  table  /i,  can  be  drilled  and  bored  in 
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one  position,  then  moved  to  another  position  and  the 
operation  repeated  without  resetting.  The  work  is  fast- 
ened on  the  table  precisely  as  it  is  on  a  vertical  drill,  care 
being  taken  to  have  the  center  line  of  the  hole  in  perfect 
line  with  the  center  of  the  spindle.  It  is  well,  also,  to 
guard  against  the  work  slipping  endwise  by  setting  a  dog, 
or  other  support,  solidly  against  each  end.  The  tools  used 
in  this  style  of  drill,  aside  from  the  boring  bar,  are  the 
same  as  those  used  for  simitar  operations  in  the  machines 
already  considered. 


POST  DRILL. 

64.  Another  form  of  machine  that  is  used  very  largely 
in  machine  shops  for  work  not  requiring  extreme  accu- 
racy is  shown  in  Pig.  SE).     The  driving  parts  are  supported 


1  two  posts,  which  give  this  class  the  name  of  post  drill. 
he  spindle  a,  with  the  driving  part   d,  may  be  adjusted 
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vertically  by  means  of  a  rack  c  on  the  post,  while  the  work, 
which  is  set  upon  a  table  d  equipped  with  wheels  and 
mounted  upon  a  track,  is  adjusted  horizontally  by  moving 
the  entire  carriage  along  the  track.  In  the  machine 
shown,  the  carriage  is  moved  by  means  of  a  bar  that  fits 
the  holes  shown  in  the  hub  e  of  the  wheel  nearest  the  post. 
The  machine  is  driven  by  means  of  a  belt  /,  which  runs 
over  an  idler  g  and  a  driving  pulley  on  the  spindle  a^  then 
over  another  idler  //,  down  through  the  floor,  and  up  again 
at  i. 

The  essential  features  of  the  driving  mechanism  are  the 
same  as  in  horizontal  boring  and  drilling  machines,  although 
the  details  are  necessarily  quite  different. 

This  machine  is  used  very  largely  for  drilling  flanges,  spot 
facing,  etc.,  and  is  especially  useful  on  parts  that  are  too 
high  to  be  drilled  in  an  ordinary  machine  tool.  The  posts 
are  carried  high  enough  to  accommodate  any  work  that  can 
be  handled  in  the  shop,  the  tops  being  supported  by  means 
of  braces  carried  f  rOm  the  side  walls  or  ceiling. 


HORIZONTAL  FI^OOR  MlI^LrS. 

65«  General  Arransement.  —  A  type  of  horizontal 
boring,  drilling,  and  milling  machine  that  is  used  quite 
extensively  in  shops  doing  heavy  work  is  illustrated  in 
Fig.  24.  The  boring  bar  a  and  feed  mechanism  are  carried 
in  a  head  ^,  supported  on  a  column  c^  which,  in  turn,  rests 
on  the  bed  d.  The  power  is  transmitted  to  the  machine 
through  the  cone  pulley  and  back  gear  at  ^,  and  is  carried 
by  means  of  shafting  and  gears  to  the  boring  bar.  The 
machine  is  so  constructed  that  the  head  may  be  moved 
vertically  on  the  column,  and  the  column  horizontally  on 
the  bed,  white  the  boring  bar  moves  in  and  out  through 
the  head. 

The  work  is  set  on  a  floor  A,  which  is  provided  with 
T  slots,  as  shown.  The  outer  end  of  the  boring  bar  is  sup- 
ported in  a  bearing/ mounted  on  the  column  g^  which  rests 
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on  the  floor.     The  column  and  bearing  may  be  moved  to 
any  location  on  the  bed,  and  adjusted  to  any  desired  height. 


66.  Floor. — The  floor  of  this  typeof  machine  is  some- 
times made  very  large,  so  as  to  accommodate  more  than 
one  machine.  A  good  arrangement  consists  of  two  ma- 
chines set  at  right  angles  to  each  other,  the  one  l>eiiig  of 
a  heavy  class  designed  principally  for  boring  on  large 
C.  S.    II.— '6 
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diameters,  while  the  other  is  somewhat  lighter  and  is  espe- 
cially adapted  for  drilling  operations. 

67«  Double-Head  Maclilne. — Machines  have  been 
designed  with  a  heavy  boring  head  on  one  side  of  the  col- 
umn and  a  drilling  head  on  the  other,  with  the  driving 
mechanism  so  arranged  that  either  one  can  be  thrown  in 
at  will.  With  this  arrangement,  only  one  head  can  be  op- 
erated at  a  time,  and  the  experience  of  users  of  such  a 
machine  seems  to  indicate  that  better  results  are  obtained 
by  mounting  the  two  heads  on  separate  columns,  so  that 
both  may  be  operated  at  once. 

68«  Setting  and  Fastening:  Work. — The  same  prin- 
ciples that  have  already  been  mentioned  in  connection  with 
the  securing  of  the  work  on  the  tables  of  other  machines 
apply  to  this  class  of  machine  as  well.  It  is  necessary  to  set 
the  work  perfectly  level,  and  to  line  up  the  center  line  of 
the  proposed  hole  with  the  center  line  of  the  boring  bar. 
Parallels  and  blocks,  or  wedges,  are  used  to  raise  the  work 
to  a  suitable  height,  and  to  level  it  up.  When  it  is  properly 
set,  clamps  are  applied,  as  shown  in  Fig.  25. 

69.     Example  of  Setting:  Up  and  Fastening:  Work. 

Fig.  25  represents  an  engine  bed  set  up  on  a  large  floor 
and  being  operated  on  by  a  boring  bar  connected  with  a 
large  horizontal  boring  machine.  The  bed  a  is  mounted  on 
parallels  d,  b  near  each  end  of  the  bed,  which  are  clamped 
to  the  floor  plate  by  means  of  the  clamp  r,  and  the  bed  is 
clamped  to  the  upper  parallels  with  the  clamps  d^  d.  A  pair 
of  pipe  jacks  e,  e  running  out  from  the  corners,  as  shown, 
guards  against  both  side  and  end  motion.  A  duplicate  set 
of  parallels,  clamps,  and  jacks,  at  the  other  end,  which  is 
not  shown,  holds  the  bed  rigidly  in  place. 

70*     Arrang:enient  of  Boring:  Bar  and  Cutter* — 

The  illustration  shows  the  boring  bar  /,  the  boring  head  ^ 
with  two  tools  //,  Ji  in  position,  the  traversing  screw  /,  the 
outer  bearing  j  with  the  front  of  its  supporting  column  >t, 
the  facing  head  /  with  the  tool  ///  clamped  on  the  tool  slide  ;/, 
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the  feed-screw  o^  the  star  /,  and  the  star  feed-post  q^  the 
last  being  bolted  to  the  floor. 

The  boring  bar  is  connected  to  the  spindle  by  means  of  a 
special  socket  r.  One  end  of  the  socket  fits  the  spindle  and 
the  other  end  is  bored  out  to  receive  the  boring  bar,  which 
is  gripped  and  held  central  by  means  of  four  setscrews  s. 
The  illustration  shows  a  typical  piece  of  work  for  this  class 
of  machine,  and  the  usual  method  of  supporting  and  hold- 
ing it. 


MILLING  OPERATIONS  IN  BORING  MILLS. 

71  •  The  milling  done  in  horizontal  boring  machines  is 
similar  to  that  done  in  the  heavier  types  of  milling  machines. 
Solid  cutters  are  used  for  the  smaller  work,  and  large 
inserted-tooth  cutters,  resembling  the  heads  used  on  rotary 
planers,  are  usually  employed  in  facing  large  surf acps.  The 
horizontal  boring  machine  is  especially  well  adapted  for 
facing  irregular  surfaces,  the  horizontal  and  vertical  feeds 
being  so  arranged  that  either  one  or  both  may  be  thrown  in 
at  the  same  time,  thus  permitting  any  path  within  the  range 
of  the  machine  to  be  followed. 


CYLINDER    BORING. 

72.  Setting:  Up  Work.  —  Engine,  pump,  or  other 
cylinders  in  which  a  reciprocating  piston  must  operate, 
should  always  be  bored  in  the  position  in  which  they  are  to 
be  used.  The  cylinder  of  a  vertical  engine  should  be  bored 
standing  on  its  end,  while  the  cylinder  of  a  horizontal 
engine  should  be  bored  in  a  horizontal  position.  In  large 
cylinders,  especially,  there  is  considerable  spring  due  to 
their  weight,  which  will  tend  to  produce  an  oval  shape  when 
a  cylinder  that  has  been  bored  in  a  vertical  position  is  laid 
on  its  side,  or  when  a  cylinder  bored  in  a  horizontal  position 
is  set  on  end.  When  the  horinji;  is  done  in  its  working  posi- 
tion, this  difficulty  is  practically  eliminated. 
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73.  Tools  for  Flnistilnfi:  Cut.  —  The  working  sur- 
face should  be  very  carefully  bored  in  order  that  there  may 
be  no  unevenness  or  irregularities  of  any  sort.  There  is 
some  difference  of  opinion,  however,  as  to  the  best  course  to 
pursue  to  attain  this  end.  Some  claim  that  the  finishing 
cut  should  be  taken  with  a  square-nosed  tool  in  order  that 
the  surface  may  be  perfectly  smooth,  while  others  prefer  a 
rounded  diamond  point,  claiming  that  the  narrow  point  is 
less  affected  by  imevenness  in  the  structure  of  the  metal, 
and  that  the  slight  ridges  formed  tend  to  reduce  the  amount 
of  metal  in  actual  contact,  and  are  an  advantage  rather  than 
a  detriment.  The  ridges  also  tend  to  draw  the  oil  under 
the  piston,  thus  affording  better  lubricating  conditions. 

74.  Continuous  Travel  on  Finlstilns:  Cut.  —  All 

shop  men  agree  that  whatever  tool  is  used  for  the  finishing 
cut,  it  should  run  continuously  from  one  end  of  the  cylinder 
to  the  other.  The  heating  due  to  the  action  of  the  tool 
causes  enough  expansion  that  even  a  short  stop  will  leave  a 
noticeable  ridge,  and  long  stops  often  make  it  necessary 
to  bore  the  whole  length  over  again.  For  this  reason, 
cylinder-boring  machines  should  be  run  by  an  independent 
engine  or  other  motor. 

75«     Mactilnes    Employed   In  Cylinder  Borlnff. — 

Cylinders  are  bored  in  lathes,  vertical  and  horizontal  boring 
mills,  or  special  machines  built  for  that  purpose,  depending 
on  the  amount  of  this  class  of  work  that  is  to  be  done.  Ex- 
cept in  shops  where  a  specialty  is  made  of  one  or  more  types 
of  machines,  either  a  lathe  or  an  ordinary  vertical  or  hori- 
zontal boring  mill  is  used. 


CORLISS  BNGINB  CYLINDBR-BORING  MACHINE. 

76.     A    machine    for     boring    large    Corliss    engine 

cylinders  is  shown  in  Fig.  2G.  Two  adjustable  boring 
bars  a  and  ^,  standing  at  right  angles  to  the  main 
spindle  c,  are  provided  for  boring  the  ports,  while  the 
main  spindle   c  bores    the  cylinder  proper.     An  outboard 
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bearing  d  for  the  main  boring  bar,  which  is  mounted  on 
a  vertical  slide  on  the  column  c,  is  raised  and  lowered  to 
suit  the  spindle  by  means  of  the  wheel  f.  The  main  spindle 
is  driven  through  the 
cone  and  back  gear 
at  g,  while  the  main 
head  h  is  raised  and 
lowered  by  means  of 
a  belt  running  on  the 
pulleys  i,  which  con- 
nect with  the  head  by 
means  of  a  vertical 
shaft  through  a  worm 
and  worm-gear  at/. 
The  small  heads  and 
boring  bars  a  and  b 
are  operated  through 
the  cone  and  gearing 
at  k  and  shafting  and 
gears  in  the  bed  /  and 
column  m.  The  col- 
umn »,  with  its  bear- 
ings, forms  an  outer 
support  for  the  two 
boring  bars  a  and  b. 
The  cylinder  is  sup- 
ported on  the  paral- 
lels o  and/. 


VERTICAL 

cvI.mDett-BORI^G 

MACHINB. 

77.  In  shops  hav- 
ing a  large  amount 
of  vertical  cylinder 
boring  to  be  done, 
special  machines  are 
sometimes  employed ; 
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these  machines  are  so  constructed  that  the  cylinder  stands 
on  a  heavy  floor  plate,  to  which  it  is  clamped.  The  boring 
is  done  by  a  vertical  bar,  the  upper  end  of  which,  together 
with  the  driving  mechanism,  is  carried  by  heavy  columns. 
These  machines  ate  sometimes  so  constructed  that  the  bar 
and  a  portion  of  the  driving  mechanism  may  be  lifted  out  of 
the  way  while  the  cylinder  is  being  placed  in  the  machine. 
Such  heavy  machines  are  usually  run  by  an  independent 
engine  or  other  motor. 


VERTICAL  BORING  BAR. 

78.  In  shops  where  the  amount  of  work  does  not  war- 
rant the  purchase  of  an  expensive  machine,  a  vertical  boring 
bar,  like  the  one  shown  in  Fig.  27,  may  be  used.  The 
cylinder  is  supported  on  the  stand  a^  and  is  clamped  between 
it  and  the  four-arm  bracket  b  at  the  top,  which  also  forms 
the  guide  for  the  boring  bar  c.  The  bar  is  rotated  by  means 
of  a  large  bevel  gear  d  and  a  bevel  pinion  (not  shown)  that 
connects  with  a  pulley  from  which  the  machine  receives  its 
power.  The  cutter  head  e  is  fed  by  means  of  the  ordinary 
feed-screw /"and  the  reduction  gearing  g  and  h  shown  at  the 
top  of  the  bar. 


BORING  SPHERICAL  BEARINGS. 

79.  The  boring  of  internal  spherical  surfaces  is  accom- 
plished by  means  of  a  revolving  boring  bar  that  carries  a 
tool  on  an  arm  that  moves  in  an  arc  about  a  point  in  the 
center  of  the  bar,  the  axis  of  rotation  of  the  arm  intersecting 
the  center  line  of  the  bar  at  right  angles. 

80.  Special  Boring:  Bar. — Fig.  28  illustrates  a  device 
designed  for  this  purpose.  A  boring  bar  a  has  a  double-end 
arm  /;  b  pivoted  on  the  axis  r,  which  stands  at  right  angles 
to  the  center  line  of  the  bar.  The  arm  b  b  carries  on  its 
outer  ends  two  tools  d^  d^  set  in  and  clamped  as  shown. 

It  will  be  seen  that  if  the  arm  b  is  turned  about  its  axis  c 
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while  the  bar  a  is  rotating,  the  tool  points  will  bore  an 
internal  spherical  surface.  In  order  to  secure  this  motion, 
the  arm  is  constructed  with  the  segment  of  a  worm-gear  e 
on  one  side.  A  worm  f  engages  with  this  worm-gear,  so 
that  when  the  worm  is  rotated,  the  arm  swings  about  the 
center  ^,  causing  the  tool  points  to  travel  in  an  arc  about 
the  same  center.  The  worm  f  is  revolved  by  a  star  g 
through  the  gears  h  and  i.     A  post  on  the  floor  operates  the 
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star  in  the  usual  way.  The  worm  f  is  supported  in  two 
flanged  bushings  j  and  >t,  while  the  arm  b  is  pivoted  on  a 
through  bolt.  The  end  /  of  the  boring  bar  is  made  to  fit  tthe 
spindle  of  a  large  horizontal  boring  mill  in  which  it  is  used, 
while  the  end  m  fits  the  outer  bearing.  Narrow  round- 
nosed  tools  are  usually  employed  with  a  fine  feed,  so  as  to 
form  a  smooth  surface.  For  the  roughing  cuts,  the  two 
tools  may  be  used,  but  for  the  finishing  cut,  it  is  best  to  use 
one  tool  only. 

81.     Portable  Boring  Devices. — When  the  amount 
of    spherical    boring    to    be    done    does    not    warrant    the 
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construction  of  a  bar  as  illustrated  in  Fig.  28,  or  in  cases 
where  a  portable  arrangement  is  necessary,  a  boring  bar 
may  be  fitted  up  as  shown  in  Fig.  29.  An  ordinary  boring 
bar  a,  with  its  feed-screw  and  gearing  b  and  c,  and  boring 
head  d,  is  fitted  up  with  a  forked  arm  e,  which  is  pivoted 
on  both  sides  of  the  bar,  so  that  the  axis  of  rotation  of  the 
arm  and  the  center  line  of  the  bar  intersect  at  right  angles. 


The  arm  e  carries  a  tool  _/" and  is  connected  with  the  head  d 
by  the  link  g.  The  boring  bar  is  rotated  by  means  of  the 
worm-gear  h  and  a  worm  and  pulley  that  are  not  shown. 
As  the  screw  b  is  rotated,  the  head  d  is  moved  along  the 
bar,  and  the  link  g  causes  the  arm  e  to  swing  about  its 
axis,  and,  when  both  bar  and  screw  are  rotated,  the  tool  will 
form  the  desired  spherical  surface. 

The  illustration  shows  the  bar  mounted  on  a  large  engine 
bed  (  i,  ready  to  bore  the  spherical  bearing  j'j.  The  bar  is 
supported  on  two  brackets  k,  k  bolted  to  the  ends  of  the 
bearings,  and  is  kept  from  moving  endwise  by  means  of  the 
worm-gear  /(  on  one  end  and  the  collar  /  on  the  other  end. 


DRILLING  AND  BORING. 

(PART  3.) 


DRILLING-MACHINE  OPERATIONS, 


DRILLING,  BORING,  AND  TAPPING. 


DRII.UNG. 


1.  Layinsr  Out. — In  many  modern  machine  shops,  the 
laying  out  of  all  the  work  is  done  in  a  special  department 
and  the  work  is  sent  to  the  machine  tools  ready  for  the 
operation.  For  the  drilling  machine,  the  cen- 
ter of  the  required  hole  is  marked;  a  circle 
equal  to  the  diameter  is  scribed  about  it  and 
light  prick-punch  marks  put  at  the  center 
and  at  intervals  about  the  circumference,  as 
shown  in  Fig.  1.  The  diameter  and  character 
of  the  hole  are  also  marked,  usually  with  pio.  i- 
chalk.  The  marks  on  Fig.  1  indicate  that  a  1^-inch  reamed 
hole  is  required. 

2.  KnlarKlng  tlie  Center  Mark. — When  the  work 
reaches  the  drill,  the  operator  enlarges  the  center  a  with  a 
large  center  punch,  to  form  a  guide  for  the  drill  point  when 
beginning  the  cut.  It  is  practically  impossible  to  start  the 
drill  in  the  center  of  the  hole  without  the  assistance  of  this 
deep  center  mark. 

§12 

For  notice  of  copyri(2^ht,  see  pa^^e  immediately  following:  the  title  pa^fo. 


DRILLING  AND  BORING. 


§12 


3.  Adjustinfi:  tlie  Work  and  Table. — The  piece  is 
now  ready  for  the  drill,  and  is  mounted  and  clamped  on  the 
table  as  already  explained.  The  drill  table  is  then  swung 
about  and  adjusted  until  the  center  mark  stands  immediately 
under  the  drill  point,  the  drill  having,  in  the  meantime, 
been  run  down  to  make  sure  that  the  point  coincides  with 
the  center.  The  table  is  then  clamped  to  prevent  any 
motion  while  drilling,  the  machine  started,  and  the  drill 
fed  into  the  work. 


Fio.  2. 


4.  Starting:  the  Drill. — ^When  the  drill  has  com- 
menced cutting,  any  unevenness, 
or  varying  hardness  of  the  metal, 
or  imperfection  in  the  drill  point, 
tends  to  carry  the  point  away  from 
the  true  center  of  the  hole.  As  the 
drill  runs  down,  making  a  conical 
hole  as  shown  in  Fig.  2,  any  tend- 
ency away  from  the  center  may 
be  observed  by  raising  the  drill  point  slightly  and  blowing  or 
brushing  away  the  chips.  If  the  outer  circle  made  by  the 
drill  is  not  concentric 
with  the  circle  of  punch 
marks,  the  drill  has  run 
off  from  the  desired 
center,  and  must  be 
brought  back.  A  draw- 
ing chisel,  shown  in  Fig.  3,  is  used  for  this  purpose.  This 
is  simply  a  narrow  round-nosed  chisel  with  which  the  metal 
is  cut  away  on  the  side  toward  which  the  drill  point  is  to  be 
drawn,  as  shown  in  Fig.  4.  The  cutting  should  be  done 
quite  near  the  center,  as  a  given  amount  of  metal 
removed  there  will  draw  the  drill  farther  than 
when  the  cutting  is  done  near  the  circumference. 
The  drill  is  again  lowered  and  the  result 
observed.  If  the  circle  should  not  be  concen- 
tric, the  chisel  is  again  used  and  the  drill  tried; 
this  operation  is  repeated  until  the  hole  coincides  exactly. 


CC 
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Fig.  8. 


Fig.  4. 
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with  the  circle  when  the  drill  has  entered  to  its  full  diameter. 
The  punch  marks  are  cut  away  equally  all  around  the  cir- 
cumference when  the  drill  has  been  properly  started.  The 
drill  is  then  fed  through  the  piece,  or  to  the  desired  depth, 
either  by  hand  or  by  power,  and  when  the  cut  is  finished, 
it  is  backed  out  by  hand. 

5.  Advantages  of  Poorer  Feed. — All  drill  presses  of 
the  heavier  types  should  be  so  constructed  that  either  hand 
or  power  feed  may  be  used  at  will.  In  light  work,  enough 
pressure  can  be  furnished  by  hand  to  cause  the  drill  to  cut 
to  its  full  capacity,  but  in  the  heavier  work  a  greater  pres- 
sure is  needed.  It  is  contended  by  some  that  the  average 
workman  will  accomplish  more  by  feeding  by  hand  than  by 
using  a  power  feed,  since  the  tendency  seems  to  be  to  set 
the  feed  at  its  finest  rate,  although  most  drill  presses  are 
provided  with  gearing  that  will  furnish  two  or  more  rates. 
This  is  the  fault  of  the  operator  and  not  of  the  method. 
The  power  feed  should  be  so  set  that  the  drill  will  work  up  to 
its  limit,  which  it  is  impossible  to  accomplish  with  a  hand  feed 
when  large  drills  are  used. 

The  power  feed  has  several  advantages  over  the  hand  feed 
for  all  sizes  of  drills.  With  a  hand  feed,  the  drill  will  leap 
forwards  as  the  point  emerges  from  the  material,  often 
causing  a  rough  hole  and  injury  to  the  drill.  The  same 
is  true  when  it  enters  a  blow  hole.  In  drilling  flanges,  the 
drill  frequently  breaks  through  on  one  side,  and,  when  the 
cutting  edges  stand  at  a  certain  angle,  the  drill  runs  forwards 
easily  and  the  next  instant  takes  a  heavy  cut  on  one  side 
only.  It  is  evident  that  this  condition  will  sooner  or  later 
result  in  an  injured  drill.  With  the  power  feed,  all  this  is 
avoided,  as  the  drill  has  a  fixed  rate  of  advance.  In  using 
the  power  feed,  care  must  be  taken  to  see  that  the  drill  is  in 
proper  working  condition. 

6.  Lead  Holes. — In  using  large  drills,  time  may  be 
saved  bv  drillinuf  a  small  hole  at  the  center  for  the  entire 
depth  of  the  hole,  the  diameter  of  this  small  hole  being  made 
at  least  equal  to  the  length  of  the  scraping  edge  at  the  point 
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of  the  large  drill.  The  small  center  hole  is  called  a  lead 
bole.  This  hole  will  permit  all  the  pressure  to  come  on  the 
cutting  edges  proper,  and  all  the  power  is 
applied  directly  to  removing  the  metal. 
The  drill  will  thus  cut  more  rapidly  than 
it  will  when  required  to  remove  the  metal 
from  before  its  center. 

When  the  large  drill  runs  out  of  center 

at  the  start,  it  is  necessary  to  draw  it  over 

'"■''  with  a  drawing   chisel.      In   this   case,  a 

groove  running  the  full  length  of  the  conical  surface  should 

be  cut  as  shown  in  Fig.  5. 

7.  Drilling  Deep  Holes.  —  In  drilling  deep  holes 
through  a  piece  of  work,  it  may  be  necessary  to  go  deeper 
than  the  length  of  the  flutes  in  the  drill  of 
the  required  size.  If  the  hole  is  not  too 
deep,  the  drill  may  be  backed  out  and  the 
hole  cleaned  at  short  intervals.  When 
the  hole  is  very  deep,  however,  time  may 
be  saved  by  running  the  drill  down  as  far 
as  the  chips  will  discharge,  then  drilling 
the  remaining  depth  with  a  smaller  drill, 
making  a  hole  as  shown  in  Fig.  6.  The 
first  drill    is  then  put  back  into  the  ma-  ^'°-  '■ 

chine  and  the  entire  hole  drilled  to  the  full  size. 

The  second  drill  must  be  small  enough  so  that  the  chips  can 
work  out  around  it,  but  must  not  be  so  small  that  the  chips 
made  by  the  larger  drill  that  follows  it  cannot  dropout  freely 
at  the  bottom.  In  one  instance,  where  a  Ij^J-inch  hole  was 
drilled  through  2C  inches  of  solid  cast  iron,  a  l^-inch  drill 
was  employed  to  drill  the  small  hole  and  gave  good  results. 


RRAMING. 

•  ft.  MetbodH  of  ReamlntC' — It  has  already  been  stated 
that  reamlntc  consists  of  triiinjj  up  a  hule  by  means  of  a 
reamer.      The  hole  hus  Ijcuii  previously  drilled  or  bored,  and. 
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as  it  is  a  matter  of  economy  to  do  as  much  work  as  possible 
at  the  same  setting,  the  reaming  is  often 
done  in  the  same  machine  that  was  used 
for  the  drilling  or  boring.  The  rough- 
ing reamer  is  usually  made  with  a  shank 
that  can  be  used  in  a  drill  press,  and  is 
run  at  a  slow  speed  and  fed  carefully  by 
hand.  For  very  accurate  work,  the 
reamer  should  be  operated  by  hand,  but 
may  be  guided  by  a  center  in  the  drill 
spindle,  as  shown  in  Fig.  7.  The  reamer  a 
is  turned  with  a  wrench  and  is  followed 
up  by  the  center  ^,  which  also  furnishes 
the  necessary  pressure.  fio.  7. 

9.  Care  Necessary  in  Reamingr. — Reaming  should  be 
done  with  the  greatest  care.  Undue  forcing  of  the  reamer, 
any  side  pressure,  or  any  irregular  or  jerking  motion,  tends 
to  injure  both  the  reamer  and  the  hole.  A  very  steady  and 
comparatively  slow  motion  under  a  light  pressure  gives  the 
best  results.  In  some  cases,  the  weight  of  the  reamer  and 
the  wrench  is  sufficient  to  furnish  the  feed,  although  some 
additional  pressure  is  usually  necessary. 

1 0.  Macliiiie  Reaming:. — In  cases  where  a  large  num- 
ber of  holes  are  to  be  reamed,  it  is  done  with  one  reamer, 
operated  by  a  drill  press  and  f^d  with  the  power  feed.  This 
should,  however,  be  done  only  in  cases  where  there  is  enough 
work  of  this  kind  to  enable  the  operator  to  know  exactly 
what  speed  and  feed  to  use,  and  to  set  his  machine  properly. 
The  holes,  too,  must  be  drilled  very  carefully,  in  order  that 
there  may  be  no  great  variation  in  the  duty  of  the  reamer. 


TAPPING, 

11.  Forms  of  Taps  Used. — The  forms  of  taps  used 
in  the  drilling  machine  are  the  same  as  those  used  in  the 
lathe,  except  that  in  the  former  the  shank  is  usually  made 


6  DRILLING  AND  BORING.  §  12 

with  a  standard  taper  or  other  form  adapted  for  drill  chucks 
or  sockets,  while  in  the  lathe  the  square-end  tap  is  used. 
The  devices  for  holding  taps  in  the  drilling  machines 
are  explained  in  Arts.  87  and  88,  Drilling  and  Borings 
Part  1. 

In  ordinary  machine  tapping,  a  taper  tap  gives  the  best 
results.  When  the  thread  runs  through  the  material,  the 
tap  is  run  either  entirely  through  or  until  a  thread  of  the 
full  diameter  is  formed.  When  the  hole  does  not  run  through 
and  the  thread  must  run  as  near  the  bottom  as  possible,  the 
taper  tap  is  used  to  start  the  thread,  and  is  followed  by  a 
plug  and  bottoming  tap. 

12.  Speed  of  Spindle. — As  in  reaming,  the  speed  of 
the  spindle  must  be  slow,  and,  after  the  tap  is  started,  no 
pressure  should  be  put  upon  it  by  the  feeding  device.  The 
tap  should  be  perfectly  free  to  take  its  own  feed. 

13.  Correct  Size  of  Drilled  Hole.  —  It  is  a  very 
important  matter  in  tapping  that  the  hole  should  be  so 
drilled  that  a  full  thread  will  be  formed  without  removing 
an  excessive  amount  of  metal.  When  the  hole  is  drilled 
too  small,  it  is  very  hard  to  start  the  tap,  and,  when  it  is 
started,  the  work  is  so  heavy  that  the  tap  is  frequently  in- 
jured, while  the  amount  of  time  and  energy  required  is  far 
greater  than  is  necessary. 

It  is  claimed  by  some,  however,  that  the  hole  should  be 
drilled  larger  for  cast  iron  than  for  wrought  iron  and  steel, 
and  that  a  thread  about  three-quarters  full  in  the  case  of 
cast  iron  is  stronger  than  a  full  thread,  owing  to  the  danger 
of  crushing  the  points  of  the  thread  and  perhaps  injuring 
the  tap  in  case  a  full  thread  is  attempted. 

A  hole  that  is  too  large  is  equally  objectionable,  as  the 
threads  will  not  be  of  the  full  depth,  and  will,  therefore, 
be  imperfect  and  weak.  The  tap  runs  very  easily,  how- 
ever, when  the  hole  is  large,  and  for  this  reason  there  is 
a  tendenc^y  toward  making  it  large,  even  at  some  sacrifice 
in  the  strength  of  the  thread.     This  should,  however,  never 
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be  permitted,  as  the  perfect  form  of  the  thread  should  be 
maintained  under  all  conditions.  Tables  V  and  VI,  Art.  47, 
give  the  sizes  of  drills  to  be  used  for  taps  of  various  sizes. 


COUNTBRSINKING,  COUNTBRBORING,  FACIIfG,  AND 

CBIfTBR  DRILLING. 

14.     Countersinkinsy  counterboring^y  and   facing 

are  carried  on  very  much  as  ordinary  drilling.  The  tool  is 
inserted  in  the  drill  socket,  the  hole  brought  central  with 
the  spindle,  and  the  tool  is  fed  down  to  the  desired  depth. 
The  speed  should,  however,  be  reduced  to  a  suitable  point 
for  the  outside  diameter  of  the  cutting  edges  of  the  tool 
used.  Center  drillinsr  is  fully  considered  in  Art.  23, 
Lathe  Work^  Part  1,  and  Art.  29,  Drilling  and  Borings 
Part  2.  

LUBRICATING. 

1 6«  The  subject  of  lubrication  of  drills  has  already  been 
considered  in  Arts.  40  to  42,  Drilling  and  Borings  Part  1. 
The  same  conditions  with  regard  to  lubrication  that  have 
been  mentioned  exist  in  the  use  of  countersinks,  counterbores, 
facing  tools,  and  center  drills.  In  working  cast  iron  and 
brass  with  these  tools,  no  lubrication  is  necessary ;  in  fact. 
It  retards  the  work  in  the  case  of  cast  iron.  Wrought 
iron  and  steel,  however,  always  require  lubrication.  In 
reaming  and  tapping,  some  form  of  lubricant  should  be  used 
with  all  metals. 

Usually,  the  lubricant  is  dropped  on  the  cutting  edges 
with  an  ordinary  oil  can,  but  in  multiple-spindle  machines, 
and  occasionally  in  single-spindle  machines,  a  tank,  with  a 
tube  leading  to  the  tool,  is  attached  to  the  machine  frame. 
The  flow  is  controlled  by  means  of  a  valve  in  the  tube.  A 
small  pump  carries  the  lubricant  from  the  table  of  the 
machine  back  to  the  tank,  thus  providing  a  means  of  using 
the  same  lubricant  over  and  over  again,  and  of  flooding 
the  cutting  edges  without  undue  waste  of  the  lubricating 
material. 

C.S.    11,-^17 
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DRILL  GRINDING. 

16.     Form  of  Drill  Point. — The  form  of  drill  point 

that  will  give  the  best  results  has  already  been  considered  in 
Drilling  and  Borings  Part  1.  It  is  very  important  that 
this  form  shall  be  maintained  whenever  the  drill  is  ground. 
The  drill  point  should  always  be  perfectly  symmetrical, 
and  when  cutting,  should  produce  similar  cuttings  on  each 
side. 

1  7.  Hand  Grinding. — To  grind  a  drill  by  hand  so  that 
the  above  conditions  may  be  fulfilled  requires  the  great- 
est skill  and  care.  Hand  Ki'lnding  is  usually  done  by 
holding  the  tool  on  the  grinder  without  any  gauge,  and 
depending  only  on  the  eye  for  the  correct  cutting  and 
clearance  angles.  Sometimes  a  flat  drill  is  tested  by  press- 
ing the  one  cutting  edge  against  a  smooth  piece  of  wood, 
while  holding  the  drill  in  a  certain  position,  then  turning 
it  and  pressing  the  other  edge  on  the  same  mark,  still  main- 
taining the  same  position  of  the  shank.  If  the  two  marks 
coincide,  the  drill  is  supposed  to  be  well  ground.  The  accu- 
racy of  this  test  depends  entirely  on  the  skill  of  the  work- 
man, but  remarkably  good  results  are  often  obtained  in 
this  way. 

18.  Measuringr  tlie  Cutting  and  Clearance 
Angles  of  Twist  Drills. — The  test  given  above  is  not  a 
very  sure  one,  and  it  is  better  in  the  case  of  a  twist  drill 
to  use  a  gauge,  or  a  protractor,  set  at  the  required  angle, 
as  shown  in  Fig.  8  (a).  By  turning  the  drill  so  as  to  bring 
the  protractor  from  a  to  b^  the  clearance  angle  may  be 
observed,  and  in  this  way  the  two  sides  may  be  compared. 

Another  method  often  used  is  illustrated  in  Fig.  8  (b). 
The  point  of  the  drill  is  set  on  a  plane  surface  or  on  a 
straightedge,  and  a  scale  held  against  its  side,  as  shown. 
The  heights  of  the  corners  a  from  the  point  are  thus  meas- 
ured. If  the  two  sides  are  alike,  the  drill  is  turned,  and  the 
heights  of  the  corners  b  are  measured,  thereby  determining 
whether  the  clearance  angles  are  equal.     The  scale  is  then 
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laid  along  the  cutting  edges,  and  if  all  three  correspond- 
ing measurements  agree  on  both  sides,  the  point  is  sym- 
metrical. 


(») 


(b) 


Fig.  8. 


19.     Anffle  and  Lenstli  of  Scraping  Edffe. — The 

clearance  angle  determines  the  angle  of  the  line  a  by 
Fig.  9  (^),  in  which  the  planes  of  the  clearance  faces  inter- 
sect. This  illustration  shows  about  the  correct  angle. 
When  the  angle  is  too  small,  as  in  Fig.  9  (b)y  or  too  great, 
as  in  Fig.  9  (r),  the  drill  will  not  work  well. 


In  order  to  give  strength  to  the  drill,  the  center  is  made 
thicker  as  it  approaches  the  shank,  and  it  is  obvious  that  as 
the  cutting  edges  are  ground  back,  the  length  of  the  line  a  by 
Fig.  9  {a)y  increases.  When  this  increase  becomes  objec- 
tionable, the  flutes  should  be  ground  out  until  the  point  is 
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reduced  to  its  original  thickness.     In  this  operation,  care 
must  be  taken  not  to  change  the  shape  of  the  flute. 

20.  Machine  Grladlns. — As  may  be  expected  from 
the  methods  employed,  hand  grinding  is  generally  not  satis- 
factory, and  machines  that  obviate  the  difUculties  met  with 
in  hand  grinding  have  been 
brought  into  very  general 
use.  The  machine  shown 
in  Fig.  10  may  be  taken 
as  a  fair  representative  of 
twist-drill  grinding  ma- 
chines. 

21.  Twist-Drill 
Grindlofc  Machine.  — > 
The  grinding  wheel  a, 
which  is  rotated  by  means 
of  a  belt,  is  supported  on  a 
column  ^  at  a  convenient 
height  from  the  floor.  The 
drill  is  held  on  twoV-shaped 
supports  c,  c  and  an  end 
rest  d,  all  of  which  are  held 
on  an  arm  e,  which  is  sup- 
ported in  a  bearing/,  about 
whose  axis  the  arm  e  is  free 
to  swing.  The  bearing  / 
is  supported  on  the  end  of 
the  arm  g  and  may  be  moved  nearer  or  farther  away  from  the 
wheel  a  by  sliding  the  arm  endwise  in  its  bearing,  while  it 
may  be  clamped  at  any  position. 

22.  Grinding  Twist  nnils — To  grind  the  drill,  it  is 
laid  on  the  V's  c,  c  and  the  end  rest  d\%  adjusted  to  hold  the 
drill  near  the  wheel.  The  lip  of  the  drill  is  laid  against  a 
gauge  that  is  hidden  behind  the  upper  V,  and  the  arm  e  is 
rotated  about  the  axis/!  The  drill  is  fed  slowly  toward  the 
wheel  by  turning  the  screw  h  until  the  drill  is  ground  to  the 
desired  edge. 
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23.  Form  of  Clearance  Pace.  —  It  is  evident  from 
this  construction  that  the  metal  back  of  the  cutting  edge 
will  be  ground  away  in  the  form  of  an  arc  of  a  circle,  and 
not  in  a  plane  surface  as  in  hand  grinding.  This  has  been 
thought  objectionable,  but  the  use  of  these  machines  has 
demonstrated  that  if  the  radius  is  properly  adjusted  for  each 
size  of  drill,  the  arc  immediately  back  of  the  cutting  edge 
will  be  so  flat,  and  will  approximate  so  closely  to  a  plane,  that 
the  supporting  edge  is  practically  not  weakened.  As  the 
arc  runs  farther  away  from  the  cutting  edge,  it,  of  course, 
deviates  more  from  the  true  clearance  angle,  but  before  any 
deviation  is  noticeable,  the  arc  has  run  so  far  back  that  the 
support  of  the  cutting  edges  is  not  affected. 

24.  Lenstli  of  Radius. — The  length  of  the  radius  is 
adjusted  by  moving  the  arm  g  in  or  out  of  the  bearing,  the 
position  being  determined  by  a  very  ingenious  little  device 
shown  at  /.  In  order  to  make  the  adjustment  for  the  drill, 
the  arm  g  is  loosened  and  drawn  out  a  short  distance.  The 
upper  V,  c^  is  then  loosened  and  moved  up  until  the  opening 
between  the  projection  /and  the  projection/ on  the  arm  e  just 
permits  the  drill  to  pass  through.  The  V  is  clamped  in  that 
position,  and  the  arm  g  is  again  moved  in  until  the  lip  gauge, 
already  mentioned,  just  clears  the  wheel.  The  end  rest  d 
is  then  set  to  the  proper  position,  and  the  drill  laid  on  the 
V's  and  ground,  as  explained  above. 

These  adjustments  can  be  made  with  very  little  loss  of 
time,  and  a  perfectly  symmetrical  drill  point  is  assured.  It 
is  claimed  that  a  machine  of  this  type  will  grind  drills 
ranging  from  |  inch  to  2^  inches  in  diameter. 


DRILLING    AND    BORING   JIGS    AND  FIXTURES. 


DRILLING  JIGS. 

26«  Drillins:  Duplicate  Pieces.  —  Duplicate  pieces 
may  be  drilled  by  the  use  of  drilling  Jigrs.  A  drilling 
jig  is  a  device  or  fixture  that  may  be  temporarily  attached 
to  the  work,  and  acts  as  a  guide  for  the  drill  in  any  desired 
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position.  The  guiding  of  the  drill  is  accomplished  by  means 
of  steel  bushings  placed  over  the  positions  of  the  required 
holes.  It. is  obvious  that  in  this  way  a  large  amount  of  time 
otherwise  devoted  to  laying  out  may  be  saved,  and,  when 
the  jig  is  well  made,  a  degree  of  accuracy  may  be  attained 
that  is  imjwssilile  by  any  other  mean.s.  The  economy  of 
such  a  device  depends  on  the  number  of  pieces  to  be  drilled 
and  the  cost  of  the  jig. 

26.  Conatructioa  of  Jle- — The  body  of  the  jig  is 
usually  made  of  cast  iron,  but,  in  order  to  prevent  undue 

wear  of  the  holes,  hardened-steel 

;    bushings  d.   Fig.   13,   which    (it 

both  the  jig  and  the  drill  snugly, 

are  inserted.    These  bushings  are 

^   generally  made  with  a  shoijlder, 

■'  as  shown  in  Fig.  11,  and  with  the 

''"■■  "■  inner  corner  slightly  rounded,  to 

avoid  injury  to  the  drill  when  entering.    Jigs  are  frequently 

used  from  both  sides,  the  bushings  being  set  as  shown  in 

Fig.  12,  and  the  inside  corners  being  rounded  on  both  ends. 

Ill  drilling  two  adjacent  parts,  as, 
for  instance,  the  flange  and  head  of  ^ 
a  cylinder,  the  head  may  be  drilled   ^ 
first,  and  may  then  be  used  as  a  jig   ^ 

for    drilling    the    cylinder,    or    as   a    |         

templet     for    marking     the     holes. 

When  a  large  number  of  duplicates 

are  to  be  made,  however,  it  is  better  to  use  a  jig  for  both 

the  cylinder  and  head. 

27.  Jlie  fof*  Drilling  Flanges  Wltb  Regularly 
Spaced  Holet*.  —  Fig, 
13  illustrates  a  flange  a 
and  a  jig  b  of  the  form 

that  is  very  generally 
used  for  this  class  of 
work.  A  lip  C  on  the 
circumference    fits   the 
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flange  and  holds  the  jig  central.  When  in  the  desired  posi- 
tion, a  clamp  is  applied  to  keep  the  jig  in  place  while  the 
drilling  is  being  done.  When  the  holes  are  equally  spaced 
on  the  same  circle,  and  the  adjoining  flange  or  head  is  of 
the  same  diameter,  it  may  be  drilled  with  the  same  jig, 
thus  insuring  a  continuous  hole  when  the  two  parts  are  put 
together. 

28.  Jig:  for  Drilling:  Flangres  With  Irre8:ularly 
Spaced  Holes. — When  the  holes  are  not  regularly  spaced, 
it  is  evident  that  they 
cannot  be  drilled  by 
turning  the  jig  over,  as      L 
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suggested  in   Art.  27 ; 

consequently,  it  is 

necessary  to   make  the 

jig  with  a  lip   on  each 

side  and  with  bushings 

set    in,    as     shown     in 

Fig.    14,  so  that  each  side  of  the  jig  will  fit  one   of   the 

adjacent  flanges.     It  is  evident  that  when  the  flange  a  is 


Fig.  14. 


Fig.  15. 


drilled  with  the  side  a'  of  the  jig  against  it,  and  the  flange  b 
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with  the  side  V  against  it,  the  holes  in  the  two  fianges  will 
meet  perfectly,  however  irregularly  they  may  be  located. 

29.  Example  of  Drilling  With  Jiff.— Fig.  15  shows, 
mounted  on  a  drilling-machine  table,  a  jig  for  drilling  the 
hub  and  hub  plate  of  a  locomotive  wheel,  in  which  the  holes 
are  not  regularly  spaced.  The  plate  a  is  supported  on  par- 
allels b  resting  on  the  table  c.  The  jig  ^  has  a  lip  e  on  each 
side,  to  fit  the  bores  of  both  the  plate  and  the  wheel.  The 
set-in  bushings  are  shown  at  g,  A  single  clamp/* holds  both 
jig  and  plate  in  place. 

30.  Outside  and  Inside  Jiff. — Fig.  16  {a)  shows  a  jig 
used  in  drilling  two  parts,  one  of  which  has  a  projection  a 
which  must  fit  into  a  bored  hole  b  on  the  other.     The  jig  is 
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made  with  a  counterbore  c  on  one  side,  which  will  fit  the 
projection  «,  and  a  projection  d  on  the  other  side  to  fit  the 
bore  b.  This  same  arrangement  may  be  used  in  drilling 
parts  of  different  sizes,  as,  for  instance,  a  manhole  and  its 
cover,  as  shown  in  Fig.  16  (V). 

31.  Jiffs  for  Irregular  Surfaces. — The  jigs  shown 
thus  far  are  intended  for  circular  pieces,  but  the  principle 
involved  may  be  applied  to  pieces  of  any  form,  with  either 
regular  or  irregular  surfaces.  Fig.  17  shows  a  right-hand 
and  left-hand  jig  used  in  drilling  parts  of  the  saddles  of  a 
vertical  boring  mill.  One  of  the  pieces  is  shown  at  a^  and  a 
number  of  them  are  piled  up  at  b.     Two  of  these  pieces — 
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one  a  right-hand  c  and  one  a  left-hand  d — are  bolted  on 
the  floor  plate  of  a  radial  drill,  with  the  jigs  in  place  ready 
for  drilling.  All  the  holes  in  the  two  pieces  are  drilled 
without  moving  either  piece.     The   upper  surface  of  the 
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saddle  being  uneven,  several  holes  are  required  on  the  level  e, 
and  others  on  the  level  /",  The  illustration  shows  how  the 
jig  is  formed  to  fit  the  uneven  surfaces. 

For  holes  that  are  to  be  reamed,  two  bushings  are  pro- 
vided, one  for  the  drill  and  the  other  for  the  reamer.  The 
drilling  bushing  is  made  smaller  than  that  for  the  reamer, 
the  difference  in  their  diameters  being  equal  to  the  allow- 
ance  for  reaming. 


BOBINO    FIXTUBBS. 

32.     Fixture  for  BorloK  Duplex-Pump  Cylinders. 

Fig.  18  shows  a  fixture  that  produces  practically  the  same 
result  as  a  jig.  Although  it  does  not  form  a  positive  guide 
for  the  boring  tool,  it  so  holds  the  work  as  to  properly  locate 
the  holes.  It  is  a  device  for  holding  a  pair  of  pump  cylin- 
ders while  they  are  being  bored  in  a  double-head  machine, 
which  is  also  double-ended,  boring  the  four  cylinders  at  the 
same  time.     The  cutters  at  the  two  ends  of  the  machine 
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rotate  in  opposite  directions,  thus  lessening  the  tendency  to 
move.  In  Fig.  18  a  shows  the  device  empty,  while  li  shows 
a  pair  of  cylinders  mounted  in  the  machine.  The  cylinders 
rest  on  a  pair  of  cross-bars  c,  c  supported  on  four  adjusting 
.screws.  The  end  adjustment  is  made  by  means  of  a  screw  d 
at  each  end,  only  one  of  which  is  seen,  while  the  side  adjust- 
ment is  made  by  means  of  the  four  screws  c,  ^,  e,  e.  The 
fixture  is  set  on  the  table,  as  shown,  the  two  tongues  _/",_/ 


fitting  into  corresponding  slots,  to  prevent  any  slipping  and 
to  insure  perfect  alinemeiit  on  the  table.  The  fixture  is 
clamped  on  the  table  by  means  of  the  bolts^,  g.  When  the 
cylinders  are  in  place,  aud  Ihe  adjusting  screws  are  set  up 
tightly,  the  cylinders  are  held  securely  by  means  of  the 
clamps  h,  h.  The  illustration  shows  a  roughing  cutter  i 
just  entering  the  cylinder  and  a  pair  of  finishing  cutters  j,j 
lying  on  the  top  of  the  machine. 

33.  Special  Borlas  Fixture. — Fig.  19  illustrates  a 
special  fixture  for  boring  the  connecting-rod-pin  hole  of  a 
gas-engine  piston.  The  piston  a  is  held  between  the  two 
V-shaped  castings  b  andf.     The  one  castings  is  bolted  firmly 
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against  the  side  of  the  rest,  as  shown,  while  the  other  cast- 
ing b  is  loose.  The  piston  is  placed  between  the  V's,  as 
shown,  and  when  set  in  its  correct  position,  b  is  drawn  up 
against  it  by  the  two  end  bolts  d^  and  the  clamping  bolts  e 
are  tightened.     The  boring  bar /is  then  passed  through  the 
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V's  and  the  piston,  and  the  holes  are  bored  in  the  usual  way. 
This  arrangement  insures  a  hole  that  is  perfectly  central 
and  square  with  the  piston.  For  larger  pistons,  a  single  V 
is  used  in  a  larger  lathe,  the  piston  being  simply  clamped 
against  it.  A  fixture  like  this  can  be  employed  on  either  a 
lathe  or  a  boring  mill. 


DRILrLrING  AND  BORING  LOCOMOTIVB  CONNBCTING-RODS. 

34.  In  drilling  and  boring  the  ends  of  locomotive  con- 
necting-rods and  similar  work,  a  machine  with  two  heads 
supported  on  a  common  cross-rail,  so  that  the  spindles  may 
be  set  at  any  position  along  the  cross-rail,  is  frequently 
employed. 

Fig.  20  shows  the  table  of  such  a  machine  with  a  connect- 
ing-rod a  fastened  upon  it.  In  the  illustration,  the  one  spin- 
dle is  fitted  with  a  drill  b  to  form  a  guide  hole  for  the  pin  f 
of  the  annular  cutter,  while  the  other  spindle  is  equipped 
with  an  annular  cutter  ^,  as  described  in  Art.  36,  Drilling 
and  Borings  Part  1,  with  two  tools  ^,  e  to  remove  the  body  of 
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the  metal  from  the  hole,  the  hole  having  previously  been 
formed  for  the  center  piny.  The  hole  formed  by  the  annu- 
lar cutter  is  finished 
with  the  reamer  d, 
which  is  of  the  in- 
serted-tooth  type. 
The  holes  in  the 
reamer  are  made 
simply  to  reduce  the 
weight.  The  piece 
is  held  on  the  table 
by  means  of  two 
clamps^and  h,  the 
end  i  being  laid  flat 
on  the  surface  and 
the  endy  resting  on 
a  parallel  k,  which 
is  equal  in  thickness 
^  to  the  vertical  dis- 
^  tance  between  the 
^    two  lower  faces. 

35<  Circular 
parallels  /  of  differ- 
ent thicknesses  are 
often  used  in  block- 
ing up  the  ends  of 
the  rod,  each  size 
of  rod  having  its 
own  set  of  parallels. 
The  inside  diameter 
of  the  parallel  is 
somewhat  greater 
than  the  diameter  of 
the  corresponding 
hole  in  the  rod,  in, 
order  that  the  sup- 
port may  not  be  affected  when  the  block  of  metal  is  removed. 
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FIXTURES  FOR  SUPPORTING  AND  ROTATING  IVORK. 

36.  V  Supports. — Fig.  21  shows  a  very  useful  device 
for  drilling  cylinders.  Two  pedestals  ^  of  a  suitable  height 
are  placed  on  the  base  of  the  drilling  machine  at  a  sufficient 
distance  apart  to  accommodate  the  work  to  be  drilled.  Two 
V-shaped  bearings  b  are  placed  on  the  pedestals,  and  are  so 
lined  up  that  the  center  of  a  shaft  lying  on  them  will  lie  in 
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the  center  lines  of  the  drill  spindles.  The  drills  will,  there- 
fore, always  drill  radial  holes  in  a  cylinder  whose  shaft  rests 
on  these  V's  and  it  is  necessary  simply  to  lay  out  the  holes, 
drop  the  cylinder  with  its  shaft  in  place,  adjust  the  drill 
spindles  to  the  right  distance  apart,  and  drill  in  circles 
about  the  cylinder,  as  indicated  by  the  rows  of  holes  shown, 
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the  cylinder  being  turned  on  the  V's  until  each  successive 
set  of  holes  comes  under  the  drills.  The  cylinder  is  kept 
from  working  endwise  by  the  bar  c^  which  is  set  against  the 
hub  and  clamped  to  the  pedestal.  The  cylinder  shown  in 
this  illustration  is  a  crushing  roll  for  anthracite  coal. 
When  the  holes  are  drilled,  they  must  be  reamed  before  the 
teeth  are  inserted. 


37.  Roller  Supports. — Fig.  22  illustrates  a  roll  set  up 
ready  for  reaming  in  a  radial  drill.  It  is  supported  on  four 
rollers  ^,  held  in  two  frames  d^  d^  one  at  each  end  of  the  roll. 
The  first  row  of  holes  is  adjusted  vertically  above  the  axis 


PlO.  28. 


of  the  roll  by  means  of  a  surface  gauge,  with  which  a  set  of 
holes  on  opposite  sides  of  the  center  are  brought  an  equal 
distance  from  the  floor.  When  this  adjustment  has  been 
made,  a  pin  b  is  inserted  in  a  hole  about  the  height  of  the 
center  line,  and  a  block  c  is  so  fitted  that  the  pin  rests  on  it. 
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This  acts  as  a  stop  to  prevent  the  roll  from  turning.  When 
one  row  of  holes  is  reamed,  the  pin  is  moved  down  one  row 
and  then  brought  up  by  turning  the  roll  until  it  again  rests 
on  the  block,  thus  furnishing  a  very  simple  means  for 
adjusting  each  successive  row. 

38.  Heavy  Centers. — Fig.  23  shows  a  very  good  device 
for.  holding  heavy  parts  with  circular  ends,  such  as  pump 
chambers,  under  a  radial  drill.  Two  uprights  a,  a^  with 
two  cones  by  A,  provided  with  mller  bearings,  support  the 
work,  the  cones  entering  the  ends  of  the  work,  as  shown.  A 
rod  c  passing  through  the  center  of  the  cones  and  the  cast- 
ing keeps  the  uprights  from  spreading.  The  piece  is  set  in 
the  correct  position  for  drilling  one  set  of  flanges,  the  tie- 
rod  c  is  tightened,  and  all  the  holes  in  this  plane  are  then 
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drilled.  The  rod  is  then  loosened  slightly,  and  the  piece 
turned  until  another  set  of  holes  comes  into  position,  when  c 
is  again  tightened,  and  the  drilling  on  this  face  is  performed. 
This  operation  is  repeated  until  all  the  holes  are  drilled. 
The  rollers  in  the  hub  d  reduce  the  friction  of  the  bearings 
so  that  heavy  pieces  may  be  turned  with  comparative  ease. 
When  any  regular  series  of  spaces  is  required,  a  special 
index  may  be  attached  at  one  end,  to  facilitate  the  setting. 
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39*  Double  Face  Plate. — A  double  face  plate,  for  the 
purpose  of  supporting  work  that  has  faced  circular  flanges 

with  regularly  spaced  bolt 
holes,  is  shown  in  Fig.  24. 
Two  face  plates  a  and  b 
are  supported  by  means  of 
a  bearing  on  each  side  of 
the  bracket  c^  which  may 
be  clamped  on  the  floor 
plate  of  a  drilling  machine. 
The  flanged  piece  d^  which 
is  to  be  drilled  and  faced 
at  ^,/,  and  g^  and  at  corre- 
sponding points  opposite  e 
and  y,  is  attached  to  the 
face  plate  by  means  of 
three  arms  A,  bolted  to  the  plate  by  bolts  i^  and  to  the 
flanges  by  bolts  j\ 

The  face  plates  are  rotated  to  the  right  position  for  drilling, 
where  they  are  held  in  place  by  the  latch  ^,  which  enters 
notches  in  the  plates.  By  placing  notches  at  proper  points, 
holes  may  be  drilled  at  any  angle.  In  the  piece  shown,  the 
holes  are  drilled  at  right  angles  to  each  other,  and  the  face 
plates  are  held  in  position  by  the  notches  at  k  and  /.  The 
plates  are  rotated  by  means  of  bars  inserted  in  a  series  of 
holes  w,  «,  Oy  etc.  about  the  circumference. 
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40.  The  illustration  shows  only  one  piece  attached  to 
the  plate  a.  In  doing  work,  ordinarily,  another  piece  is 
attached  to  the  plate  ^,  thereby  balancing  the  device  so  as 
to  prevent  springing  the  bracket  r,  or  cramping  while  turn- 
ing to  a  new  position.  This  also  permits  twice  as  many 
holes  to  be  drilled  without  moving  the  face  plate  as  when 
only  one  piece  is  attached,  while  the  service  of  the  power 
crane  is  required  only  one-half  as  often. 

The  face  plates  may  be  made  to  take  pieces  of  various 
sizes  by  moving  the  arms  h  to  suitable  positions.  A  series  of 
holes  r  for  the  bolts  i  are  provided  in  the  face  plates  shown, 
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to  accommodate  pieces  of  different  sizes.  A  large  variety 
of  work  may  be  supported  in  this  way  by  means  of  suitable 
arms.  A'  key  s  under  each  arm,  which  fits  into  a  corre- 
sponding keyway,  as  shown  at  /,  together  with  the  bolt  /, 
locates  the  arm  positively.  When  the  piece  is  enough  out 
of  balance  to  prevent  turning  it,  counterweights  may  be 
attached  to  the  face  plates,  as  in  balancing  work  in  the  lathe. 

41.  Trunnion  Supports. — Pig.  25' shows  a  fixture  of 
this  class  for  drilling  duplex  pump  cylinders.  The  cylinders 
a,  b  are  held  by  means  of  two  plates  r,  which,  on  one  side, 
have  projections  entering  the  ends  of  the  cylinders,  and,  on 
the  other    side,    trunnions  d^  which    rest  on   V*s   on   the 
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uprights  ^,  e  of  the  frame  of  the  fixture.  Bolts  f^  f  hold 
the  plates  c  in  place  and  form  guides  for  the  jig  g,  by 
means  of  which  holes  are  drilled  in  the  hubs  h  and  /.  When 
the  fixture  is  in  position  for  drilling,  the  trunnions  are  fast- 
ened by  means  of  the  clamps  n. 

The  illustration  shows  the  bushing  /  and  the  drill  k  in 
place,  ready  to  drill  the  hole.     The  hub  /  is  supported  on  the 
C.S,    If. --18 
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lower  side  by  a  piece  of  pipe  /.  When  both  the  hubs  /;  and  ( 
are  drilled,  the  jig  ^  is  moved  away  from  the  hubs  in  the 
direction  of  the  arrow  m,  and  the  ends  of  the  hubs  are  faced 
by  means  of  a  double-end  cutter.  The  clamp  «  is  then 
loosened  and  the  cylinders  turned  on  the  trunnions  rfto  the 
next  position  to  be  drilled.  The  four  holes  o,  o,  o,  o  are 
drilled  by  means  of  the  jig  />,  which  is  lying  on  the  floor, 
while  the  four  holes  q,  q,  q,  q  are  drilled  with  the  jig  s 
attached  as  shown.  These  cylinders  have  holes  to  be  drilled  " 
on  four  sides,  and  must  beset  in  as  many  positions.  When 
the  piece  is  once  set  up  for  one  position,  it  is  a  simple 
matter  to  move  it  to  any  of  the  other  positions.  Screw 
jacks  r  are  used  in  adjusting  and  holding  the  work.  The 
piece  may  be  set  in  position  by  means  of  a  square  or  level. 


MISCELLANEOUS    TOOLS    ASD   FIXTURES. 


TREPANNING  DRILI.. 

42.  Fig.  3G  illustrates  a  special  hollow  drill  designed  for 
the  purpose  of  removing  test  bars  from  a  solid  piece.  The 
drill  is  run  into  the  metal  as  far  as  the  central  core  will 
permit,  when  it  is  withdrawn  and,  at  a  point  that  will  cut  off 
the  core  at  the  bottom,  a  hole  is  drilled  at  right  angles  to  it 


with  an  ordinary  twist  drill.  The  core  is  then  taken  out  and 
turned  up  to  the  proper  dimensions  for  testing  purposes. 
The  point  a  of  this  form  of  trepannlnK  drill  can  easily  be 
removed  from  time  to  time,  at  small  expanse.  It  is  made  of 
hardened  steel  and  is  screwed  to  a  soft-steel  body  b. 


§13 


DRILLING  AND  BORING. 


25 


RUBBING  TOOL. 

43«  A  very  useful  liubbiii||r  tool  is  shown  in  Fig.  27. 
A  hub  a  of  the  piece  b  is  to  be  finished  as  shown  at  c.  The 
tool  with  which  this  is  done  consists  of  a  center  bar  d,  which 
fits  the  bore  of  the  hub,  and  a  tool  e  supported  on  the  arm/. 


PlO.27. 

As  the  tool  is  rotated  about  the  center  of  the  pin,  it  cuts  a 
perfect  circle.  The  device  is  attached  to  the  spindle/ of  a 
heavy  drilling  machine,  the  work  being  fastened  upon  the 
table.  The  radius  at  which  the  tool  cuts  is  regulated  by  the 
adjusting  screw  g  and  a  clamp  h  i. 


SPECIAL.  BXTBNSION  ARMS  FOR  VERTICAL  BORING- 
MILL  TABLE. 

44.  On  a  boring  mill  it  is  necessary  at  times  to 
turn  work  that  is  larger  in  diameter  than  the  boring-mill 
table.  Fig.  18,  Drilling  and  Borings  Part  2,  shows  how 
such  a  piece  may  be  carried  by  means  of  extension  arms. 
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There  are,  however,  cases  where  the  extension  arms  must 
project  so  far  beyond  the  edge  of  the  table,  and  where'  the 
weight  is  concentrated  so  near  the  end,  that  additional  sup- 
port is  needed  to  prevent  objectionable  springing.     Fig.  28 


Fig.  28. 


suggests  a  means  of  providing  such  support  when  the  center 
of  the  piece  is  open,  as  in  the  case  shown.  The  table  a  of 
the  boring  mill  is  of  the  ordinary  type,  with  radial  slots. 
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The  extension  arms  b  are  bolted  to  the  table  in  the  ordinary 
way.  At  the  center  of  the  table  a  pillar  c^  with  a  flanged 
foot  that  is  bolted  to  the  table,  furnishes  the  upper  support 
for  diagonal  tie-rods  d  whose  lower  ends  are  bolted  to  the 
arras,  thus  forming  an  additional  support.  Turnbuckles  e 
in  the  tie-rods  permit  the  arms  to  be  adjusted  approxi- 
mately level,  after  which  a  light  surface  cut  may  be  taken 
to  true  them  up  perfectly.  The  piece  may  then  be  fastened 
in  any  convenient  way  that  its  shape  will  permit,  and 
turned  up. 

This  is  a  comparatively  inexpensive  and  very  efficient  shop 
expedient,  which,  however,  may  or  may  not  be  a  means  of 
economy,  depending  on  the  number  of  pieces  for  which  it 
can  be  used  and  the  cost  of  having  the  work  done  in  a  shop 
equipped  for  it.  Shop  expedients  are  frequently  resorted  to 
when  the  work  could  have  been  done  outside  more  cheaply. 
Great  caution  should  be  exercised  in  the  construction  of 
shop  expedients,  in  order  that  true  economy  may  be 
practiced. 


FIXTURES  FOR  TURNING    SPHBRICAL  SURFACE. 

45.  A  special  fixture  for  turning  a  spherical  surface  on 
a  vertical  boring  mill  is  shown  in  Fig.  29,  an  ordinary  verti- 
cal boring  mill  being  used.  The  machine  has  two  saddles. 
One  of  them  a  has  bolted  to  it  a  bracket  r,  which  carries  a 
pin  d^  around  which  swings  the  link  e.  The  saddle  is  so 
clamped  to  the  cross-rail  that  the  point  d  lies  in  a  vertical 
line  forming  the  axis  of  rotation  of  the  table.  The  other 
saddle  b  is  detached  from  the  cross-feed  screw  in  the  cross- 
rail,  and  is  free  to  move.  A  bracket  /,  having  a  roller  on 
each  end  that  bears  on  the  cross-rail,  is  attached  to  the 
saddle  so  as  to  carry  its  weight,  thus  reducing  the  friction 
and  providing  a  free  motion  along  the  rail.  The  boring 
bar  g^  has  an  arm  h  attached  near  its  upper  end,  which  car- 
ries the  fulcrum  i  of  the  link  e.  The  link  e  continues  to  a 
pointy,  where  a  vertical  link  k  is  pivoted.  At  the  lower  end, 
k  takes  hold  of  the  lever  /  at  nu    The  lever  /  is  pivoted  at  n 
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on  an  arm  o  attached  to  the  bottom  of  the  boring  bar,  and 
at  its  end  carries  the  tool^. 

46.  The  piece  q  to  be  turned  is  fastened  centrally  upon 
the  table  r  of  the  boring  mill.  It  will  be  seen  ihat  if  the 
links  are  properly  proportioned,  a  parallel  motion  is  ob- 
tained, and  the  tool  travels  in  an  arc  of  a  circle  about  the 
center  of  a  sphere,  and  will  turn  a  true  sphere  when  the 


table  is  rotated  and  the  boring  bar  is  fed  down.  In  order 
to  accomplish  this,  the  length  of  the  link  .^and  the  vertical 
distance  between  the  pivots  i  and  n  must  both  be  equal  to 
the  vertical  distance  between  the  center  of  the  sphere  to  be 
turned  and  the  pivot  d;  the  distance  di  must  be  equal  to 
the  distance  from  the  center  of  the  sphere  to  the  pivot  », 


g  12  DRILLING  AND  BORING.  29 

that  is,  the  sum  of  the  radius  of  the  sphere  and  the  distance 
of  the  tool  point  from  its  pivot  n,  and  the  distance  ^y  must 
be  equal  to  the  distance  n  m. 

As  the  bar  g  is  fed  up,  the  saddle  b  will  travel  toward 
the  center  when  turning  the  upper  half  of  the  sphere,  in 
order  to  permit  the  point  i  to  swing  about  its  center  d^ 
and  the  point  n  travels  in  an  arc  of  the  same  radius  about 
the  center  of  the  sphere.  As  the  bar  g  moves  down  from 
the  center  of  the  sphere  y,  the  saddle  b  will  again  travel 
toward  the  center  of  rotation. 

It  is  obvious  that  if  the  distance  d  i  is  made  equal  to  the 
sum  of  the  required  radius  of  the  sphere  and  the  distance 
from  the  tool  point  to  the  pivot  ;/,  the  tool  will  form  a  per- 
fect sphere  of  the  required  radius.  It  is  evident,  too,  that 
the  center  line  of  the  link  ;/  in  will  always  point  to-  the 
center  of  the  sphere,  and  the  tool  will  cut  at  the  same  point, 
as  it  travels  along.  In  this  work,  a  narrow,  round-nosed  tool 
is  used  with  a  comparatively  light  feed,  so  as  to  insure  a 
smooth  surface. 


TABLES. 


47.  The  following  tables  are  reprinted  from  the  publi- 
cations of  the  manufacturers  whose  names  appear  at  the 
head  of  each. 

Tables  I  and  II  give  actual  dimensions  of  Morse  tapers 
and  taper  shanks.  Table  I  gives  dimensions  relating  to  the 
taper  of  the  shank  and  the  thickness  of  the  tang.  In 
Table  II,  Figs,  {a)  and  {b)  refer  to  the  taper  of  the  socket 
alone,  while  [c)  and  {d)  refer  to  the  shank,  the  tang,  the 
slot,  and  the  key.  Dimension  C  of  Table  I  must  not  be 
confused  with  d  of  Table  II;  C,  Table  I,  is  to  be  used  in 
forming  the  taper  only,  while  d  is  the  width  of  the  par- 
allel end  of  the  tang,  which  is  somewhat  smaller  than  the 
small  end  of  the  taper. 

Table  III  deals  with  the  speed  of  drills  of  sizes  ranging 
from  -jiy  inch  to  2  inches  in  diameter,  working  in  soft 
steel,  iron,  and  brass.     It  will  be  observed  that  the  speed 
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recommended  for  iron  is  somewhat  higher,  and  the  speed 
for  brass  about  twice  as  high,  as  that  for  soft  steel. 

The  data  preceding  Table  III  has  reference  to  the  feeds  of 
drills  and  the  necessity  of  using  lubricants  when  drilling  in 
steel  and  wrought  and  malleable  iron. 

Table  IV  shows  the  number  of  revolutions  necessary  to 
give  a  cutting  speed  of  a  certain  number  of  feet  per  minute 
for  drills  of  various  diameters.  This  table  is  applicable  to 
any  tool  traveling  along  a  circular  path. 

Tables  V  and  VI  give  the  diameters  of  drills  for  taps  of 
different  diameters  for  V,  U.  S.  Standard,  Whitworth,  and 
pipe  thfeads. 

The  decimal  equivalents  of  the  numbers  of  the  twist-drill 
and  steel- wire  gauge  are  given  in  Tabje  VI  of  Measuring 
Instruments. 

TABLE  I. 


MORSB  TAPBR  SHANKS. 

(From  Morse  Twist  Drill  and  Machine  Company.) 


Taper 

No. 

A 

B 

C 

D 

E 

in 
12  Inches. 

1 

2A 

2f 

.356 

.475 

H 

.600 

2 

3iV 

2i- 

.556 

.700 

i 

.602 

3 

3i 

3tV 

.759 

.938 

A 

.602 

4 

4i 

4i 

.997 

1.231 

\\ 

.623 

5 

6 

5i 

1.446 

1.748 

f 

.630 

6 

8tV 

8 

2.077 

2. 494 

i 

.626 
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TABLE  IIL 


THB  SPBBD  AND  FBBD  OF  DRILLS* 

{From  Cleveland  Twist  Drill  Company.) 

This  table  has  been  compiled  from  memoranda  furnished  us,  at  our 
request,  by  about  500  of  the  best  known  and  most  successful  manu- 
facturers in  this  country.  We  believe  that  these  speeds  should  not  be 
exceeded  under  ordinary  circumstances.  A  feed  of  1  inch  in  from  95  to 
125  revolutions  is  all  that  should  be  required  according  to  the  size  of 
the  drill.  At  these  speeds  it  will  be  necessary  to  use  plenty  of  oil,  or 
a  solution  of  oil,  soda,  and  water,  when  drilling  steel,  wrought,  or 
malleable  iron. 

It  is  based  on  a  speed  of  periphery  of  the  drill  of  30  feet  per  minute 
for  steel,  35  feet  per  minute  for  iron,  and  60  feet  per  minute  for  brass. 
It  will  be  found  advisable  to  vary  the  speed  given  in  the  table  some- 
what, according  as  the  material  to  be  drilled  is  more  or  less  refractory. 


Diameter 

Speed 

Speed 

Speed 

1 
Diameter 

Speed 

Speed 

Speed 

of 

for  Soft 

for 

for 

of 

for  Soft 

for 

for 

Drill. 

Steel. 

Iron. 

Brass. 

Drill. 

Steel.    ' 

Iron. 

Brass. 

A 

1,824 

2,128 

3,648 

llV 

108 

125 

215 

i 

912 

1,064 

1,824 

H 

102 

118 

203 

A 

608 

710 

1,216 

lA 

96 

112 

192 

i 

456 

532 

912 

H 

91 

106 

182- 

A 

365 

425 

730 

lA 

87 

101 

174 

f 

304 

355 

608 

If 

83 

97 

165 

A 

260 

304 

520 

IrV 

80 

93 

159 

i 

228 

266 

456 

n 

76 

89 

152 

A 

203 

236 

405 

IrV 

73 

85 

145 

f 

182 

213 

« 

365 

If 

70 

82 

140 

H 

166 

194 

332 

IH 

68 

79 

135 

i 

152 

177 

304 

If 

65 

76 

130 

H 

140 

164 

280 

m 

63 

73 

125 

i. 

130 

152 

260 

n 

60 

71 

122 

H 

122 

142 

243 

HI 

59 

69 

118 

1 

114 

133 

228 

'      2 

67 

67 

114 

I  I 

Note. — ^The  above  table  gives  speeds  in  revolutions  per  minuta  • 
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CUTTIIVG   SPEEDS. 

{Fro/n  Beaman  &»  Smt'/h.) 


Feet  per 
MiniUe. 

5 

lO 

15 

20 

25 

30 

35 

40 

45 

50 

Diam. 

Revolutions  per  Minute. 

i 

38.2 

76.4 

114.6 

152.9 

191.1 

229.3 

267.5 

305.7 

344.0 

882.2 

30.6 

61.2 

91.8 

122.5 

153.1 

183.7 

214.3 

244.9 

275.5 

306.1 

25.4 

50.8 

76.3 

101.7 

127.1 

152.5 

178.0 

203.4 

228.8 

254.2 

i 

21.8 

43.6 

65.5 

87.3 

109.1 

130.9 

152.7 

174.5 

196.3 

218.9 

1 

19.1 

38.2 

57.3 

76.4 

95.5 

114.6 

133.8 

152.9 

172.0 

191 . 1 

H 

17.0 

34.0 

51.0 

68.0 

85.0 

102.0 

119.0 

136.0 

153.0 

170.0 

li 

15.3 

80.6 

45.8 

61.2 

76.3 

91.8 

106.9 

122.5 

137.4 

153.1 

If 

13.9 

27.8 

41.7 

55.6 

69.5 

83.3 

97.2 

in.i 

125.0 

KW.9 

H 

12.7 

25.4 

38.2 

50.8 

63.7 

76.3 

89.2 

101.7 

114.6 

127.1 

H 

11.8 

23.5 

85.0 

47.0 

58.8 

70.5 

82.2 

93.9 

105.7 

117.4 

1* 

10.9 

21.8 

32.7 

43.6 

54.5 

65.5 

70.4 

87.3 

98.2 

109.1 

IJ 

10.2 

20.4 

30.6 

40.7 

50.9 

61.1 

71.3 

81.5 

91.9 

101.9 

2 

9.6 

19.1 

28.7 

38.2 

47.8 

57.3 

66.9 

76.4 

86.0 

95.5 

2i 

8.5 

17.0 

25.4 

34.0 

42.4 

51.0 

59.4 

68.0 

76.2 

85.0 

SI 

7.6 

15.3 

22.9 

30.6 

38.2 

45.8 

53.5 

61.2 

68.8 

76.3 

2f 

6.9 

13.9 

20.8 

27.8 

34.7 

41.7 

48.6 

55.6 

62.5 

69.5 

3 

6.4 

12.7 

19.1 

25.5 

31.8 

38.2 

44.0 

51.0 

57.3 

63.7 

Si 

5.5 

10.9 

16.4 

21.8 

27.3 

32.7 

38.2 

43.6 

49.1 

54.5 

4 

4.8 

9.6 

14.3 

19.1 

23.9 

28.7 

33.4 

38.2 

43.0 

47.8 

^ 

4.2 

8.5 

12.7 

16.9 

21.2 

25.4 

29.6 

34.0 

38.1 

42.4 

6 

8.8 

7.6 

11.5 

15.3 

19.1 

22.9 

26.7 

30.6 

34.4 

38.2 

^ 

3.5 

6.9 

10.4 

13.9 

17.4 

20.8 

24.3 

27.8 

31.3 

34.7 

6 

3.2 

6.4 

9.6 

12.7 

15.9 

19.1 

22.3 

25.5 

28.7 

31.8 

7 

2.7 

5.5 

8.1 

10.9 

13  6 

16.4 

19.1 

21.8 

24.6 

27.3 

8  . 

2.4 

4.8 

7.2 

9.6 

11.9 

14.3 

16.7 

19.1 

21.1 

23.9 

9 

2.1 

4.2 

6.4 

8.5 

10.6 

12.7 

14.9 

17.0 

19.1 

21.2 

10 

1.9 

3.8 

5.7 

7.6 

9.6 

11.5 

13.4 

15.3 

17.2 

19.1 

11 

1.7 

3.5 

5.2 

6.9 

8.7 

10.4 

12.2 

13.9 

15.6 

17.4 

12 

1.6 

3.2 

4.8 

6.4 

8.0 

9.6 

11.1 

12.7 

14.3 

15.9 

18 

1.5 

2.9 

4.4 

5.9 

7.3 

8.8 

10.3 

11.8 

13.2 

14.7 

14 

1.4 

2.7 

4.1 

5.5 

6.8 

8.1 

9.6 

10.9 

12.3 

13.6 

15 

1.3 

2.5 

3.8 

5.1 

6.4 

7.6 

8.9 

10.2 

11.5 

12.7 

16 

1.2 

2.4 

3.6 

4.8 

6.0 

7.2 

8.4 

9.6 

10.7 

11.9 

17 

1.1 

2.3 

3.4 

4.5 

5.6 

6.7 

7.9 

9.0 

10.1 

11.2 

18 

1.1 

2.1 

3.2 

4.2 

5.3 

6.4 

7.4 

8.5 

9.6 

10.6 

19 

1.0 

2.0 

.  3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.1 

10.1 

20 

1.0 

1.9 

2.9 

3.8 

4.8 

5.7 

6.7 

7.6 

8.6 

9.6 

21 

.9 

1.8 

2.7 

3.6 

4.5 

5  5 

6.4 

7.3 

8.1 

9.1 

22 

.9 

1.7 

2.6 

3.5 

4.3 

5.2 

6.1 

6.9 

7.8 

8.7 

23 

.8 

1.7 

2.5 

3.3 

4.1 

5.0 

5.8 

6.6 

7.5 

8.3 

24 

.8 

1.6 

2.4 

3.2 

4.0 

4.8 

5.6 

6.4 

7.2 

8.0 

25 

.8 

1.5 

2.3 

8.1 

3.8 

4.6 

5.3 

6.1 

6.9 

7.6 

26 

.7 

1.5 

2.2 

2.9 

8.7 

4.4 

5.1 

5.9 

6.6 

7.3 

27 

.7 

1.4 

2.1 

2.8 

3.5 

4.2 

5.0 

5.7 

6.4 

7.1 

28 

.7 

1.4 

2.0 

2.7 

3.4 

4.1 

4.8 

5.5 

6.1 

6.8 

29 

.7 

1.3 

2.0 

2.6 

3.3 

4.0 

4.6 

5.3 

5.9 

6.6 

80 

.6 

1.3 

1.9 

2.5 

3.2 

3.8 

4.5 

5.1 

5.7 

6.4 

TABLE  V. 


TAP   DRILLS. 

(from  New  Process  Twist  Drill  Company.) 

The  following  table  shows  the  different  sizes  of  drills  that  should 
be  used  when  a  Tull  thread  is  to  be  tapped.  The  sizes  given  are  prac- 
tically correct. 


Diameter 

Number  of 

Drill  for 

Drill  for 

Drill  forWhit- 

of  Tap. 

Threads  to  Inch. 

V  Thread. 

U.  S  S.  Thread. 

worlh  Thread. 

J 

16    18    20 

A  h  u 

A 

A 

A 

16   18  20 

t\  H  H 

t 

16   18 
16   18 

iV  if 

i 

tt 

1 

14   16  18 

w 

A 

A 

U   16  18 
14  16 

U 

U 

14  16 

H  i 

+ 

12  18  14 

w 

if 

i 

ii 

12  13  14 

ft 

12   14 
12  14 

A 

♦ 

10  11   12 

H  i    4 

+ 

i 

n 

10  11   12 

i    li  ii 

H 

11   12 

A  A 

« 

If 

11   12 

\\  \\ 

* 

10   11   12 
10   11   12 
10 
10 

il  «   t 

« 

♦ 

* 

9  10 

n  ft 

if 

H 

« 

9  10 
9 

4    I 

» 

9 

f  ■ 

1 

8 

i 

li 

H 

lA 

8 

r  • 

lA 

8 

IS 

lA 

8 

f" ' 

H 

7     8 

H  H 

H 

if 

lA 

7     8 

if  H 

lA 

7     8 

u  1 

lA 

7     8 

1 

H 

7 

lA 

lA 

lA 

lA 

7 

lA 

lA 

7 

lA 

' 

m 

7 

U 

1* 

6 

H 

V. 

lA 

m 

6 

lA    . 

lA 

6 

lA 

6 
6 

lA 

lA 

IH 

6 

lA 

ift 

6 
6 

lA 

lA 

1 

U 

5     5i 

lA  lA 

U 

Uf 

5     5i 

lA  IH 

lt| 

5     5i 

m  If 

Ifl 

5     5^ 

i#    1* 

H 

6 

-■■'-■ 

li 

H 
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TABLB  VI. 


TWIST   DRILLS   FOR    PIPB   TAPS. 

{First  three  columns  from  Standard  Tool  Company.') 

The  sizes  of  twist  drills  to  be  used  in  boring  holes  to  be 
reamed  with  pipe  reamer  and  threaded  with  pipe  tap  are 
as  follows: 


Size, 

Number  of 

Size  of  Drill 

Inches. 

Threads 

Size  of  Drill. 

In  Nearest 

Per  Inch. 

^  Inch. 

27 

.3281 

« 

18 

.4531 

« 

18 

.5937 

H 

14 

.7187 

il 

14 

.9376 

« 

1 

111 

1.1876 

lA 

\\ 

IH 

1.4687 

m 

\\ 

Hi 

1.7187 

m 

2 

llj 

2.1876 

2V\r 

H 

8 

2.6876 

m 

8 

8 

3.3126 

3tV 

3i 

8 

3.8126 

3H 

4 

8 

4.3126 

4A 

• 

Note. — A  drill  ^  inch*  larger  than  the  size  given  in  the  table  is 
sometimes  used  when  one  of  the  given  size  is  not  available. 


RECENT  TESTS  OF  TWIST  DRILLS. 

48.     Blckford   Experimental   Feeds  and   Speeds. 

.It  has  recently  been  shown  by  experiments  made  by  the 
Bickford  Drill  Company  that  with  drilling  machines  of  very 
stiff  design,  heavier  feeds  may  be  used  than  have  heretofore 
been  used  in  ordinary  practice,  and  that  the  breaking  of 
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drills  has  been  due  largely  to  the  spring  of  the  drilling 
machine. 

It  must  not  be  inferred,  however,  that  these  experimental 
feeds  can  be  used  in  ordinary  machines,  as  extraordinary 
stiffness  in  the  horizontal  arm  and  vertical  column  is 
required  to  use  them  successfully.  Even  with  such  machines 
it  may  not  be  wise  to  use  them  in  ordinary  practice,  and  it 
is  probable  that  slightly  lighter  feeds  may  be  established 
for  general  use  with  machines  of  strong  design. 

The  results  of  these  experiments  are  given  below,  as  they 
will  suggest  approximately  the  feeds  that  can  safely  be 
taken  in  machine  tools  of  great  rigidity.  Many  drills  were 
tested  to  destruction  in  ordinary  cast  iron,  and  some  tests 
were  made  in  machinery  steel  with  larger  drills  but  very 
few  broke.  In  one  case  a  1  j^^^-inch  drill  turned  a  shaving 
of  machinery  steel  -^j  inch  in  thickness  and  stopped  the 
machine,  but  the  drill  did  not  break. 

Table  VII  gives  the  feeds  used  in  ordinary  cast  iron 
without  the  least  injury  to  the  drills.  These  feeds  are 
almost  four  times  as  great  as  those  generally  advocated  at 
the  present  time. 

Table  VIII  gives  the  feeds  at  which  the  drills  broke. 

Table  IX  gives  the  speeds  at  which  the  drills  were  run. 


TABLE  VIL 


FBBDS  USBD  IN  ORDINARY  CAST  IRON 
W^ITHOUT    INJURY. 


Diameter  of  Drill 
in  Inches. 


Feed,  in  Inches, 
Per  Revolution. 


itoi 
I  to  1 
1  to  1| 


.025 
.035 
.047 
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TABLE  VIII. 


FBBDS  AT  IVHICH  THB  HRILLS  BROKE  IN  ORDINARY 

CAST   IRON. 


Feed  Per  Revo- 

! 

Feed  Per  Revo- 

Size of  Drill. 

lution  at  Which 

Size  of  Drill. 

lution  at  Which 

Inch. 

Drill  Broke. 

Inch. 

Drill  Broke. 

« 

Inch. 

Inch. 

tV 

•  .007 

tV 

.035 

A 

.010 

i 

.047 

i 

.014 

A 

.064 

A 

.020 

TABI-E    IX. 


THE   SPEEDS    AT    ^ITHICH    THE   DRILLS   ^WERE    nVN. 


Revo- 

Cutting 

Revo- 

Cutting 

Size  of 

lutions 

Speed  Feed 

Size  of 

lutions 

Speed  Feed 

Drill. 

Per 

Per 

Drill. 

Per 

Per 

Minute. 

Minute. 

Minute. 

Minute. 

i 

267 

35 

H    ' 

61 

28 

8 

222 

36 

2 

51 

26 

1 

184 

36 

H 

42 

25 

i 

153 

'     35 

n 

35 

23 

1 

128 

33 

H 

29 

• 

21 

n 

106 

31 

3 

24 

19 

n 

88 

29 

H 

20 

17 

n 

73 

28 

;   3^ 

1 

17 

15 

MILLING-MACHINE  WORK. 

(PART  1.) 


INTRODUCTION. 


DEFINITIONS. 

1.  Milling  may  be  defined  as  the  process  of  removing 
metal  by  a  cutting  tool  that  is  rotated  about  its  own  axis 
and  has  one  or  more  cutting  edges  that  are  successively 
brought  against  the  work.  Any  machine  in  which  this 
process  is  performed  is  called  a  mlillns:  mactilne. 

Milling  machines  are  made  in  a  great  variety  of  forms  to 
suit  different  conditions  and  requirements;  they  are  given 
special  names  in  accordance  with  the  class  of  service  for 
which  they  are  intended,  and  also  in  accordance  with  their 
design. 


CLASSIFICATION  OF  MILLING  OPERATIONS. 

2*  The  cutting  operations  grouped  under  the  general 
term  of  **  milling  "  are  plain  inilling^  side  milling^  angular 
millings  grooving^  form  millings  profiling^  and  routing. 

The  first  three  operations  named  are  performed  on,  and 
result  in  the  production  of,  plane  surfaces;  curved  or  irreg- 
ular surfaces  are  produced  by  the  last  three  operations. 

3.  Plain  milling  may  be  defined  as  the  performing  of 
the  cutting  operation  on  a  plane  surface  that  is  parallel  to 
the  axis  of  rotation  of  the  cutting  tool. 

§13 
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4.  Side  mllllns  is  always  understood  to  mean  that  the 
cutting  operation  is  performed  on  a  plane  surface  that  is 
perpendicular  to  the  axis  of  rotation  of  the  cutting  tool. 

5«  Angular  milling  invariably  refers  to  the  machin- 
ing of  plane  surfaces  at  an  inclination  to  the  axis  of  rotation 
of  the  cutting  tool. 

6.  Grooving,  in  a  certain  sense,  is  a  self-explanatory 
term  that  refers  to  the  cutting  of  grooves,  or  slots,  that 
may  have  any  profile  and  follow  a  straight,  a  helical,  or  an 
irregular  path. 

7.  Form  mllllngr  is  a  class  of  milling  in  which  the 
surfaces  operated  on  are  not  plane,  but  which  have  the  same 
profile  throughout  the  direction  in  which  the  work  is  fed 
against  the  cutter.  This  is  most  commonly  a  horizontal 
direction,  but  may  occasionally  be  a  vertical  or  an  inclined 
one. 

8.  ProfUlng  is  usually  understood  to  be  a  milling 
operation  in  which  the  work  is  guided  in  a  predetermined 
path  by  a  templet  having  a  suitable  outline. 

9.  Routing:  is  a  name  given  to  a  milling  operation 
in  which  the  work  is  presented  to  the  cutter  and  then 
guided  by  hand,  whence  it  follows  that  the  result  depends 
entirely  on  the  skill  of  the  operator. 

10.  The  definitions  here  given  are  believed  to  be  in 
accordance  with  the  most  general  practice;  since  there  is  no 
universally  accepted  agreement  in  regard  to  them,  it  must 
be  expected  that  some  people  will  use  the  terms  in  a  differ- 
ent sense. 


CLASSIFICATION  OF  MILLING  MACHINES. 

11.  Milling  machines  may  be  classified  as  plain^  vertical^ 
universal^  vmltispindle^  and  special, 

12.  Plain  millins:  machines  are  intended  for  the 
finishing  of  surfaces  that  require  the  motion  of  the  work  to 
be  in  a  straight  line  during  the  cutting  operation.     They 
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are  so  arranged  that  the  work  can  be  fed  to  the  cutting 
tool,  or  vice  versa,  in  a  vertical  direction,  and  also  in  two 
horizontal  directions  at  right  angles  to  each  other.  The 
axis  of  rotation  of  the  cutting  tool  is  normally  horizontal. 

13*  Vertical  milling  maclilnes  derive  their  name 
from  the  fact  that  the  axis  of  rotation  of  the  cutting  tool  is 
vertical.  They  are  usually  so  arranged  that  the  cutting 
tool  can  be  fed  toward  or  away  from  the  work  in  a  vertical 
direction,  while  the  work  can  be  fed  to  the  cutting  tool  in 
two  horizontal  directions  at  right  angles  to  each  other.  In 
some  cases  the  machine  is  so  arranged  that  the  work  can  be 
revolved  in  a  horizontal  planw  for  the  purpose  of  finishing 
circular  surfaces. 

14*  Universal  mllllns:  machines  are  so  called  by 
virtue  of  the  fact  that  the  numerous  attachments  furnished 
with  them  adapt  these  machines  to  a  very  wide  range  of 
work;  they  can  be  used  for  almost  every  conceivable  mill- 
ing operation  within  the  capacity  of  the  machine.  The 
axis  of  rotation  of  the  cutting  tool  is  usually  horizontal; 
the  work  can  be  fed  to  the  cutting  tool  in  a  vertical  direc- 
tion, and  also  in  two  horizontal  directions;  the  angle  between 
the  latter  can  be  changed  within  the  limits  imposed  by  the 
design  of  the  machine.  By  means  of  special  devices  the 
work  can  be  rotated  at  the  same  time  that  it  is  moved 
longitudinally  in  a  horizontal  direction;  this  adapts  the 
machine  for  the  production  of  helical  and  spiral  work.  The 
work  can  also  be  rotated  in  these  machines  through  a 
definite  part  of  a  revolution  for  each  individual  cutting 
operation. 

The  special  devices  fitted  to  a  universal  milling  machine 
may  also  be  applied  to  a  plain  or  a  vertical  milling  machine, 
which  are  thus  to  some  extent  converted  into  universal 
milling  machines.  They  will  rarely  have  as  wide  a  range  of 
application,  however,  as  a  machine  especially  designed  to  be 
a  universal  milling  machine. 

15.  Multlsplndle  milling:  mactiines,  as  implied 
by  the  name,   are  fitted  with  two  or   more  spindles  that 
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carry  the  cutting  tools.  Each  spindle,  and  hence  each  cut- 
ting tool,  is  usually  made  to  be  independently  adjustable  in 
relation  to  the  work.  In  most  machines  of  this  class,  the 
work  can  be  moved  in  a  straight  line  in  one  direction  only. 
Multispindle  milling  machines  are  intended  for  finishing 
several  surfaces  simultaneously,  and  are  usually  employed 
for  heavy  work  only. 

16*  Special  milling  macliliies  may  take  any  con- 
ceivable form  that  will  adapt  them  for  the  class  of  work  for 
which  they  are  designed,  but  no  matter  in  what  manner 
they  are  constructed,  the  principles  of  operation  will  be  the 
same  as  those  of  any  regular  milling  machines. 


CONSTRUCTION  OF  MACHINE. 


BSSBNTIAL.  PARTS. 

17.  A  milling  machine  consists  of  certain  essential 
parts,  which  in  some  form  or  other  must  exist  in  any  of  its 
numerous  modifications.  The  essential  parts  are  the  frame^ 
the  spindle^  the  table^  the  feed-mechanism^  and  the  cutting 
tool.  The  function  of  the  frame  is  the  supporting  of  the 
spindle,  table,  and  feed-mechanism.  The  spindle,  which  by 
suitable  means  is  revolved  in  bearings  provided  for  it  in  the 
frame,  carries  the  cutting  tool.  The  function  of  the  table 
is  to  serve  as  a  support  for  the  work,  which  may  be  attached 
either  directly  to  the  table  or  to  holding  devices  carried  by 
it.  The  feed-mechanism  serves  to  move  the  work  past  the 
cutting  tool;  it  may  operate  directly  upon  the  table,  or 
upon  the  spindle,  or  upon  both.  The  function  of  the  cut- 
ting tool  is  self-explanatory. 


CONSTRUCTION. 

18.  The  universal  milling  machine  is  the  most  advanced 
form  for  general  work,  and  embodies  all  the  features  found 
in  other   types.     For   this   reason  it  is  here   selected  and 
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described.     As  far  as  the    universal    machines   of   various 
makes  are  concerned,  their  general  arrangement  is  similar 


Fig.  1. 


to  that  of  the  machine  illustrated  in  Fig.  1;  they  differ  only 
in  the  design  of  the  details,  which  are  modified  in  accordance 
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with  the  personal  experience  and  judgment  of  their  respect- 
ive designers. 

19#  Referring  to  the  figure,  it  is  seen  that  the  general 
form  of  the  frame  a  is  that  of  a  column  or  pillar.  This 
frame  carries  the  horizontal  spindle  b  near  its  top.  The 
spindle  is  driven  by  a  belt  from  a  line  shaft  or  countershaft; 
the  belt  is  placed  on  the  cone  pulley  c.  The  particular 
design  of  machine  shown  is  back-geared  in  order  to  provide 
for  a  larger  number  of  speed  changes.  The  back  gearing  is 
similar  to  that  employed  for  engine  lathes  and  is  operated  in 
the  same  manner,  in  this  case  by  a  handle.  In  the  machine 
illustrated,  the  back  gears  are  protected  by  light  metal 
fi^uards  shown  at  d  and  e.  The  spindle  is  bored  out  tapering 
at  the  front  end  to  receive  the  shank  of  the  cutting  tool  or 
an  arbor  to  which  the  cutting  tool  is  attached.  An  adjust- 
able arm,  or  outboard  bearing  sliding  in  bearings  parallel 
to  the  spindle,  can  be  used  for  supporting  the  free  end  of 
the  arbor  when  heavy  cuts  are  taken ;  when  not  in  use  it  can 
be  swung  out  of  the  way.  The  arm  can  be  rigidly  clamped 
in  position  after  it  has  been  adjusted. 

20.  A  vertical  slide  is  formed  on  the  front  of  the  frame  tf; 
a  knee  g  is  fitted  to  this  slide,  which  is  in  a  plane  at  right 
angles  to  the  axis  of  the  spindle.  The  top  of  the  knee  is  at 
right  angles  to  the  surface  of  the  slide  on  the  frame,  and 
carries  the  clamp  bed  h^  which  can  be  moved  along  it  in  a 
straight  line  parallel  to  the  axis  of  the  spindle  by  means  of  the 
cross-feed  scremr  i.  The  knee  can  be  raised  and  lowered  by 
turning  the  elevatlns:  screwy;  for  the  sake  of  convenience, 
this  is  operated  from  the  front  of  the  knee  by  turning  the 
shaft  ky  which  carries  a  bevel  gear  that  meshes  with  one  on 
the  elevating  screw.  A  detachable  handle  /  fits  the  square 
end  of  i  and  k.  The  cross-feed  screws  and  elevating  screws 
are  supplied  with  dials  graduated  to  indicate  movements  by 
thousandths  of  an  inch. 

21.  The  clamp  bed  h  carries  the  saddle  m^  which  is 
pivoted  to  it,  and  which  can  be  rotated  through  an  arc  of 
about    45°;  suitable  clamping    devices   are    provided    for 
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clamping  the  saddle  to  the  clamp  bed  in  any  position  to 
which  it  may  be  swung.  The  upper  part  of  the  saddle 
forms  a  slide  that  receives  the  table  //;  this  slides  in  a  line 
parallel  to  the  top  surface  of  the  knee.  The  table  can  be 
moved  by  means  of  the  feed-sere liv  o^  which  is  operated  by 
the  handle  shown.  The  top  of  the  clamp  bed  is  graduated 
into  degrees;  a  zero  mark  on  the  saddle,  by  its  coincidence 
with  the  zero  line  of  the  graduation,  indicates  when  the  line 
of  motion  of  the  table  is  at  right  angles  to  the  axis  of  the 
spindle,  and  by  its  coincidence  with  the  other  graduations 
shows  how  many  degrees  the  line  of  motion  differs  from  its 
position  at  right  angles  with  the'  axis  of  the  spindle. 

22*  The  table  is  fitted  with  a  detachable  Index  bead/ 
^nd  a  detachable  tallatock  q.  The  index  head  and  tail- 
stock  are  fitted  with  centers  between  which  work  may  be 
placed.  The  spindle  of  the  index  head  can  be  rotated  by 
means  of  a  worm-wheel  and  worm ;  it  is  so  arranged  that  it 
can  be  swung  in  a  vertical  plane  around  the  axis  of  the 
worm  from  slightly  below  a  horizontal  position  to  somewhat 
beyond  a  vertical  position.  On  the  bottom  of  the  index 
head  are  tongues  that  fit  a  longitudinal  T  slot  in  the  table; 
they  insure  that  the  axis  of  the  index-head  spindle  is  always 
in  the  same  vertical  plane  as  the  line  of  motion  of  the  table. 
The  front  end  of  the  index-head  spindle  is  often  threaded  to 
receive  face  plates,  chucks,  or  special  devices  for  holding 
work;  the  spindle  is  almost'  invariably  made' hollow,  and  is 
bored  out  tapering  to  receive  a  live  center  or  arbors. 

23.  When  it  is  necessary  to  set  the  spindle  in  the  index 
head  at  an  angle  to  the  line  of  motion  of  the  table,  owing  to 
the  form  of  the  work  clamped  to  the  index  head,  the  head 
is  detached  from  the  table  ;  a  raisinf;  block  r  is  bolted 
to  the  table  in  such  a  position  that  one  of  its  two  T  slots 
is  at  the  required  angle,  and  the  index  head  is  attached 
to  that  T  slot  of  the  raising  block.  When  the  diameter 
of  the  work  is  so  large  that  it  cannot  be  attached  to  the 
index  head  if  the  latter  is  fastened  directly  to  the  table, 
the  index  head  is  raised  by  means   of   the   raising  block 
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When  no  raising  block  is  available,  parallel  strips  may  be 
used  for  the  same  purpose.  The  tailstock  q  has  the  dead 
center  mounted  in  a  block  fitted  to  a  slot  of  the  tailstock. 
This  block  can  be  raised  or  lowered  a  certain  amount  in 
order  to  bring  the  dead  center  in  line  with  the  live  center 
when  tapering  work  is  placed  between  them. 

24.  A  milliiis-inachliie  vise  s^  which  can  be  rotated 
and  then  clamped  in  any  position  to  the  table,  is  used  for 
holding  work.  When  comparatively  slender  work  is  to  be 
milled  between  the  centers,  it  will  naturally  spring  under 
the  cutting  operation.  This  tendency  is  counteracted  by 
placing  a  center  rest  or  steady  rest  /  on  the  table  and 
adjusting  it  properly  to  support  the  work.  An  oil  tank  is 
shown  at  u, 

25.  The  machine  shown  is  provided  with  an  automatic 

feed  for  the  table,  which,  by  means  of  adjustable  tappets, 
can  be  made  to  stop  at  a  predetermined  point.  A  vertical 
feed  for  the  knee  is  also  provided.  The  knee  and  the  clamp 
bed  may  be  clamped  rigidly  to  their  slides  at  any  point  by  a 
suitable  arrangement.  Adjustable  stops  are  also  provided 
for  the  knee  and  table;  they  are  used  when  a  number  of 
duplicate  pieces  are  to  be  milled,  and  the  feeding  is  done 
by  hand. 

26.  The  inside  of  the  frame  of  universal  milling  ma- 
chines usually  serves  as  a  cupboard  in  which  cutters,  change 
gears,  collets,  arbors,  wrenches,  and  other  small  parts  may 
be  conveniently  kept. 

27.  When  milling  machines  of  different  types  are  care- 
fully examined,  they  will  be  found  to  have  some  of  the 
features  of  the  universal  milling  machine  embodied  in  them 
in  one  form  or  another.  In  one  case  the  cutting  tool  may 
be  fed  to  the  work,  and  in  another  case  the  work  may  be  fed 
to  the  cutting  tool ;  in  one  case  the  feeding  may  be  accom- 
plished by  a  lever  operating  upon  a  pinion  and  rack,  and  in 
another  case  the  feeding  may  be  done  by  turning  a  feed- 
screw;  no  matter,    however,   in  what   form  the  essential 
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parts  appear  and  what  their  construction  may  be,  it  will  be 
found  that  the  fundamental  principles  and  the  function  of 
the  essential  parts  are  the  same  in  each  case. 

Furthermore,  a  person  that  can  operate  one  type  of 
machine  successfully  can,  after  getting  accustomed  to  the 
methods  of  adjustment  of  another  type,  operate  it  with 
equal  ease.  As  far  as  special  methods  of  adjustment  are 
concerned,  they  can  always  be  readily  traced  out  by  a  little 
intelligent  study.  For  this  reason,  no  attempt  is  here  made 
to  describe  all  the  different  types  and  the  subclasses  of  each 
type  in  detail. 


ADVANTAGES  OF  MILLING  MACHINES. 

28.  It  was  conceded  for  a  long  time  that  milling  was 
superior  to  other  processes  of  machining  by  reason  of  the 
fact  that  by  the  use  of  properly  formed  cutting  tools,  pieces 
of  work  having  an  intricate  profile  could  be  duplicated  within 
such  small  limits  of  variation  as  to  be  interchangeable. 
This  could  be  done  at  a  rate  of  speed  that  was  not  feasible 
with  any  other  method  of  machine  work,  and  consequently 
at  a  lower  time  cost  per  piece.  The  milling  machine  can 
truly  be  said  to  have  been  the  most  potent  factor  that  made 
possible  the  application  of  the  interchangeable  system  to  the 
economic  production  of  work  done  in  large  quantities,  as 
firearms,  sewing  machines,  typewriters,  etc.  As  a  matter 
of  fact,  the  milling  machine  was  developed  originally  in 
armories  manufacturing  small  firearms,  and  for  a  long  time 
was  unknown  outside  of  them.  Of  late  years,  it  is  gradually 
becoming  recognized  that  the  process  of  milling  cannot 
only  be  applied  to  a  great  variety  of  work  usually  performed 
in  the  planer,  shaper,  slotter,  and  lathe,  but  that  also,  by 
reason  of  the  multiplicity  of  cutting  edges  and  the  continu- 
ous cutting  operation,  the  work  in  many  instances  can  be 
machined  by  milling  at  a  much  lower  time  cost. 

29.  While  intelligent  superintendence,  i.  e.,  the  making 
of  the  tools  and  special  fixtures  for  the  milling  machines, 
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calls  for  skill  of  a  very  high  order,  the  fact  remains  that 
when  the  machine  operates  on  work  done  in  large  quanti- 
ties, the  actual  placing  of  the  work  into  it,  taking  the  cut, 
and  removing  the  work  can  be  safely  entrusted  to  compara- 
tively unskilled  labor  after  the  machine  has  been  properly 
adjusted  by  a  skilled  workman.  In  such  a  case,  one 
machine  tender  can  often  look  after  several  machines  with- 
out inconvenience.  In  consequence  of  this,  there  will  be  a 
material  reduction  in  the  labor  cost  per  piece. 

30.  When  the  milling  machine  is  used  as  a  substitute 
for  other  machine  tools,  on  work  other  than  duplicate  work, 
the  machine  cannot  be  placed  in  the  charge  of  unskilled  per- 
sons if  its  production  is  to  compete  in  cost  with  that  of  other 
machine  tools.  In  such  cases,  there  is  at  least  as  much  skill 
called  for  as  is  required  for  the  successful  operation  of  the 
machine  tool  whose  place  is  taken  by  the  milling  machine. 


MILLING  CUTTERS. 


CLASSIFICATION    OF    CUTTERS. 

31.  The  cutting  tool  used  for  milling  is  known  as  a 
mlllingr  cutter.  Milling  cutters  found  in  practice  may 
be  classified  as  plaui  millmg  cutters^  also  called  commony 
axial^  and  surface  milling  cutters^  side  milling  cutters^  also 
called  yi^r^  or  butt  mills ^  angular  milling  cutters^  end  milling 
cutters^  3,u6.form  cutters.  Side  mills  and  end  mills  are  also 
called  radial  mills.  Any  one  of  these  cutters  may  be  a  solid, 
an  inserted-tooth,  a  shank,  or  a  shell  cutter,  and  it  may  be 
fastened  to  the  spindle  of  the  milling  machine  by  holding  it 
in  a  chuck,  by  clamping  it  to  an  arbor,  by  screwing  it  to  the 
spindle  or  to  a  shank  fitted  to  the  latter,  or,  finally,  it  may 
be  formed  with  a  shank  that  fits  the  spindle. 

32.  Milling  cutters  are  called  rif^ht-handed  and  left- 
handed  in  accordance  with  their  direction  of  rotation  when 
cutting.     In  order  to  tell  whether  a  cutter  is  right-handed 
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or  left-handed,  lay  it  down  flat  with  the  side  of  the  cutter 
up  which  is  intended  to  face  the  driving  cone  of  the  machine. 
Then  if  the  cutter  must  revolve  in  the  direction  in  which 
the  hands  of  a  watch  move,  it  is  right -handed ;  when  it 
must  revolve  in  a  direction  opposite  to  that  in  which  the 
hands  of  a  watch  move,  it  is  left -handed. 


CONSTRUCTION  OF  CUTTERS. 


PLAIN  MILLING  CUTTERS. 

33.  Slitting:  Sai^. — A  plain  niUlins:  cutter  may  be 

defined  as  one  intended  for  machining  surfaces  parallel  to 
the  axis  of  rotation  of  the 
cutter.  The  simplest  form 
of  a'  plain  milling  cutter  is 
the  sUttingr  saiv  shown  in 
Fig.  2.  This  saw  is  clamped 
between  washers  to  an  arbor ; 
a  number  of  cutting  edges  are 
formed  on  its  periphery  by 
serrating  it.  These  cutting 
edges  are  ground  after  hard- 
ening so  that  they  all  are  ex- 
actly the  same  distance  from 

the  axis,  in  order  that  each  cutting  edge  will  do  the  same 
amount  of  work.  Slitting  cutters,  like  the  one  shown,  are 
ground  with  clearance  on  the  sides;  that  is,  they  are  made 
slightly  thinner  at  the  center  than  at  the  periphery,  so  that 
deep  slots  can  be  cut,  or  stock  can  be  cut  off,  without  having 
the  sides  of  the  cutter  bind  in  the  slot. 

34.  Screiv  Slotting  Cutter. — When  shallow  slots 
are  to  be  cut,  as,  for  instance,  the  slots  in  screw  heads,  the 
cutter  is  made  with  teeth  having  a  much  finer  pitch;  the 
sides  are  then  usually  left  parallel,  in  order  to  save  expense 
in  making  the  cutter.     This  kind  of  a  cutter  is  given  the 
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name  of  screiv  slottlns  cutter,  since  it  is  most  frequently 
used  for  that  purpose.  While  used  by  some  for  cutting  off 
stock,  it  is  not  as  well  adapted  for  this  purpose  as  the  slit- 
ting cutter,  since  on  thick  stock  the  sides  of  the  cutter, 
especially  if  the  teeth  are  at  all  dull,  will  bind  in  the  stock 
being  sawed. 

35-  Parts  of  tlie  Cutter.  —  The  term  pitch,  when 
applied  to  the  teeth  of  a  milling  cutter,  refers  to  the  dis- 
tance between  adjacent  cutting  edges.  Since  in  milling 
cutters  tire  teeth  are  equally  spaced,  the  pitch  can  be  found 
by  dividing  the  circumference  of  the  cutter  by  the  number 
of  teeth.  The  plane  represented  by  the  line  ^  ^  is  called  the 
front  face  of  the  tooth.  In  American  practice,  it  is  almost 
invariably  made  radial;  that  is,  the  front  face  lies  on  a 
plane  that  passes  through  the  axis  of  the  cutter.  In  side 
milling  cutters,  this  rule  is  occasionally  departed  from  for 
the  purpose  of  throwing  the  chips  in  a  certain  direction. 
The  surface  a  a\  Fig.  2,  is  called  the  top  face  of  the  tooth; 
the  angle  included  between  a  b  and  a  a!  varies  from  85° 
to  87°,  thus  giving  a  clearance  of  from  3°  to  5°.  The  edge/z 
is  the  cutting:  edffe,  and  the  surface  whose  edge  is  a!  c  is 
the  back  of  the  tooth.  The  cutter,  in  order  to  cut,  must 
rotate  so  that  the  front  faces  of  the  teeth  move  toward  the 
work,  or  in  the  direction  of  the  arrow  x, 

36.  Reversible  Cutters. — Any  milling  cutter  that  is 
reversible,  i.  e.,  which  can  be  placed  with  either  side  toward 
the  spindle,  as  is  the  case  with  most  milling  cutters  fastened 
to  an  arbor,  will  serve  for  a  right-handed  cutter  or  a  left- 
handed  cutter,  depending  on  which  side  of  the  cutter  is 
placed  toward  the  spindle.  Thus,  if  the  cutter  illustrated 
in  Fig.  2  is  placed  with  the  side  d  toward  the  spindle,  it  is  a 
left-handed  cutter;  but  if  the  side  d  is  placed  away  from  the 
spindle,  it  is  a  right-handed  cutter. 

37.  Straight    and    Helical    Cutting    Edffes.  —  By 

making  the  slitting  cutter  wider,  it  becomes  the  plain 
cutter  shown  in  Fig.  3  (a).     It  seems  to  be  the  common 
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practice  to  limit  the  terms  **  slitting"  and  ** slotting"  cut- 
ters to  cutters  that  are  narrower  than  one-quarter  inch; 
when  wider,  they  are  usually  called  plain  cutters,  cylin- 
drical cutters,  or  parallel  cutters.  The  cutter  shown 
in  Fig.  3  {a)  has  straight  cutting  edges,  by  which  is  meant 
that  they  lie  in  planes  passing  through  the  axis.  A  milling 
cutter  with  straight  cutting  edges  will  answer  very  well  for 
surfaces  that  are  relatively  narrow,  say  not  over  1  inch 
wide ;  it  also  has  the  advantage  that  straight  cutting  edges 


(a) 


W 


Fig.  8. 


are  cheaply  produced.  On  the  other  hand,  each  cutting 
edge,  when  in  contact  with  the  work,  will  cut  at  once 
across  the  whole  width  of  the  surface  operated  on ;  conse- 
quently, considerable  power  will  be  needed,  and  as  each 
cutting  edge  strikes  throughout  the  whole  width  of  the  sur- 
face, a  distinct  blow  is  struck  by  it,  which  will  set  up 
vibrations  and  prevent,  to  a  large  extent,  smooth,  even 
milling,  unless  the  machine  is  exceptionally  rigid  and  the 
work  held  very  securely. 

38.  The  objections  to  the  straight-tooth  cutter  have  led 
to  the  design  of  cutters  with  helical  cutting  edges;  such  a 
cutter  is  shown  in  Fig.  3  (b).  When  a  surface  is  being 
machined,  the  teeth  will  commence  cutting  at  one  corner, 
and  the  cut  will  gradually  proceed  across  the  surface.  In 
consequence  of  this  shaving  action,  the  severity  of  the  blow 
struck  by  each  cutting  edge  on  engaging  the  work  is  greatly 
lessened;  experience  has  also  shown  that  for  equal  condi- 
tions, less  power  will  be  required  for  a  cutter  with  helical 
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cutting  edges  than'  for  one  with  straight  cutting  edges. 
The  lessening  of  the  severity  of  the  blow  struck  by  each 
edge  on  engaging  the  work  means  a  reduction  of  vibration, 
and,  hence,  under  equal  conditions,  the  cutter  with  helical 
cutting  edges  will  produce  a  smoother  surface. 

39.  Dennltlons  of  Helix  and  Spiral.  —  It  is  to  be 

regretted  that  it  has  become  the  practice  among  some 
writers,  and  hence  among  many  mechanics,  to  use  the 
terms  helix  and  spiral  as  synonymous,  i.  e.,  as  having  the 
same  meaning. 

In  geometry,  a  helix  is  a  line  generated  by  the  rotation 
of  a  point  around  an  axis,  the  point  remaining  at  the  same 
distance  from  the  axis  but  advancing  in  the  direction  of  its 
length.  The  most  familiar  examples  of  helixes  are  screw 
threads  and  the  grooves  of  twist  drills. 

A  spiral  is  a  line  generated  by  the  progressive  rotation 
of  a  point  around  an  axis,  the  point  gradually  increasing  its 
distance  from  the  axis.  When  the  point  rotates  in  a  plane, 
its  path  is  called  a  plane  spiral.  The  most  familiar  exam- 
ple of  a  plane  spiral  is  a  watch  spring,  where  all  convolu- 
tions lie  in  the  same  plane. 

When  a  point  rotates  around  an  axis  at  a  continually 
increasing  distance  from  the  axis,  and  at  the  same  time 
moves  in  the  direction  of  the  axis,  in  other  words,  if  the 
point  follows  the  surface  of  a  cone,  its  path  is  a  conical 
spiral.  Probably  the  most  familiar  examples  of  a  conical 
spiral  are  conical  bed  springs,  and  the  springs  used  for  seat- 
ing the  water  valves  in  many  designs  of  steam  pumps. 

40.  From  the  definition  it  will  be  seen  that  a  helix  is  a 
particular  form  of  a  spiral,  and  that  a  spiral  becomes  a  helix 
when  the  path  of  the  point  generating  it  lies  on  the  surface 
of  a  cylinder.  In  this  Course  the  terms  helix  and  spiral  will 
be  used  in  their  true  meaning;  that  is,  in  accordance  with 
the  definitions  just  given. 

41.  Nicked  Teeth. — Experience  has  shown  that  the 
power  required  to  drive  a  milling  cutter  can  be  greatly 
reduced  by  nicking  the  teeth  of  helical   milling  cutters  in 
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the  manner  shown  in  Fig.  4,  where  the  nicks  are  so  arranged 
that  a  cutting  edge  will  be  behind  a  nick.  With  such 
a  cutter,  the  chips  are  broken  up;  that  is,  instead  of  one 
continuous  shaving,  a  number  of  separate  shavings  are 
made  by  each  cutting  edge.  Since  it  has  been  shown  by 
experience  that  less  power  is  required  for  a  nicked  cutter,  it 
follows  that  with  the  same  amount  of  power  available  and 
under  equal  conditions,  a  much  wider  and  deeper  cut  can  be 


Fig.  4. 

taken  than  is  possible  with  an  ordinary  helical  cutter.  For 
this  reason,  cutters  with  nicked  teeth  are  now  very  gener- 
ally employed  for  heavy  milling  where  the  rapid  removal 
of  superfluous  metal  is  the  prime  requisite.  It  is  claimed 
that  a  surface  cannot  be  machined  as  smooth  with  a  nicked 
cutter  as  with  a  plain  cutter;  but  if  the  nicked  cutter  is 
carefully  made  and  kept  sharp,  there  seems  to  be  no  reason, 
however,  why  it  cannot  produce  as  good  work  on  a  finishing 
cut  as  a  plain  cutter. 

42.  Built-up  Plain  Cutters. — The  cutters  shown  in 
Figs.  2,  3,  and  4  are  solid  cutters^  which  means  that  they  are 
made  from  a  single  piece  of  steel.  Solid  cutters  can  be 
obtained  as  large  as  8  inches  in  diameter  and  6  inches  wide; 
this  size  is  about  their  commercial  limit.  When  larger  cut- 
ters are  wanted,  they  are  usually  made  with  blades  or  teeth 
of  tool  steel  that  are  inserted  in  a  body  of  inexpensive  mate- 
rial in  such  a  manner  that  they  can  be  removed  and  replaced 
when  worn  or  broken.  There  are  a  great  many  different 
ways  in  which  such  cutters  may  be  made. 
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43*  Fig.  5  shows  the  construction  adopted  by  the  Morse 
Twist  Drill  and  Machine  Company  for  cutters  of  the 
inserted-blade  type.  Referring  to  the  illustration,  it  will  be 
seen  that  the  blades  a^  a  are  inserted  in  rectangular  slots 
cut  into  the  body  b,  A  clamp  d  is  placed  between  each 
alternate  pair  of  blades;  this  clamp  can  be  drawn  inwards  by 
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setting  up  the  screws  c^  c^  which  operation  presses  the  two 
blades  against  opposite  sides  of  their  slots  and  locks  them. 
The  blades  themselves  are  straight,  but  their  cutting  edges 
are  helical,  in  order  that  the  front  face  of  the  blades  may  be 
radial  throughout  their  length.  The  cutter  here  shown  is 
intended  for  heavy  work,  and,  hence,  the  cutting  edges  are 
nicked. 

44.  An  entirely  different  design  of  a  plain  milling  cutter 
is  shown  in  Fig.  6.  This  cutter  belongs  to  the  inserted- 
tooth  type,  and  is  a  logical  development  of  the  idea  of 
nicking  the  teeth,  inasmuch  as  each  separate  tooth  is  the 
equivalent  of  the  cutting  edge  between  a  pair  of  nicks  of  an 
inserted-blade  cutter.  The  cutter  consists  of  a  cast-iron 
body  a  in  which  rows  of  cylindrical  holes  are  drilled  and 
reamed  for  the  reception  of  the  teeth.  The  holes  are  so 
arranged  that  a  line  drawn  through  the  centers  of  the  holes 
of  each  row  and  along  the  cylindrical  surface  of  the  cutter 
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forms  a  helix.  The  teeth  3,  b  are  cylindrical  plugs  of  tool 
steel  that  are  simply  driven  into  the  holes.  A  cutting  edge 
is  formed  by  cutting  away  one-half  of  that  part  of  the  plug 
that  projects  from  the  body,  and  grinding  a  proper  clear- 
ance on  its  top.  It  will  be  observed  that  while  the  rows  of 
teeth  are  in  the  direction  of  a  helix,  the  cutting  edge  of  each 
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Fig.  6. 


tooth  IS  in  a  plane  passing  through  the  axis  of  the  milling 
cutter.  This  is  done  purposely  in  order  to  prevent  the  teeth 
from  turning  around  their  own  axis  under  the  pressure  of 
the  cutting  operation.  If  the  front  face  of  the  tooth  is 
helical,  it  will  commence  to  cut  at  one  corner;  in  conse- 
quence of  this,  there  will  be  a  tendency  to  rotate  the  tooth 
around  its  own  axis, 

45.  "  Tnserted-blade  and  inserted-tooth  milling  cutters 
are  limited  as  to  size  only  by  the  capacity  of  the  machine. 
In  connection  with  this  it  is  to  be  observed  that  as  far  as 
results  are  concerned,  the  solid  cutter  will  accomplish  the 
same  thing.  For  large  cutters,  however,  either  the  cost  of 
the  solid  cutter  is  such  as  to  be  prohibitive,  or  it  is  impossi- 
ble to  obtain  steel  of  sufficient  size  to  make  a  solid  cutter. 
Furthermore,  in  hardening  very  large  pieces  of  tool  steel, 
there  is  considerable  danger  of  losing  them  by  cracking 
when  they  are  quenched.  It  is  thus  seen  that  the  question 
of  whether  to  use  a  solid  or  an  inserted-tooth  cutter  is 
simply  a  question  of  expense,  since  neither  will  produce 
work  that  cannot  be  done  as  well  with  the  other.  When 
it  comes  to  a  question  of  maintenance,  the  inserted-blade 
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and  inserted-tooth  cutter  is  undoubtedly  cheaper  in  the  long 
run,  since  new  blades  or  teeth  can  be  fitted  at  a  fraction  of 
the  expense  of  a  solid  cutter,  at  least  as  far  as  large  cutters 
are  concerned. 
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Fig.  7. 


SIDB  MILLING  CUTTBRS. 

46.  Solid  Side  Mill. — The  most  common  form  of  a  side 
milling  cutter  for'small  work  is  shown  in  Fig.  7.  By  exam- 
ining the  illustration, 
it  will  be  seen  that  it  is 
a  face  milling  cutter 
with  additional  teeth 
cut  on  its  sides.  In 
order  that  the  sides 
may  clear  the  work, 
they  are  recessed  be- 
low the  bottom  of  the 
teeth,  as  shown  at  a, 

A  side  milling  cutter 
may  operate  on  the 
sides  of  work  either  by  cutting  with  the  cutting  edges 
formed  on  its  periphery  or  by  cutting  with  the*  teeth 
formed  on  its  sides,  depending  on  which  way  the  work  is 
fed  to  the  cutter.  When  the  work  is  fed  in  a  direction  at 
right  angles  to  the  axis  of  rotation  of  the  cutter,  the  teeth 
on  the  periphery  will  do  the  cutting  and  the  side  teeth  will 
drag  against  the  work;  when  the  feeding  is  done  in  a  direc- 
tion parallel  to  the  axis  of  rotation,  the  side  teeth  will  do 
all  the  cutting. 

47.  Straddle  and  Gang:  Mills.  —  Two  side  milling 
cutters  like  the  one  shown  in  Art.  46  are  often  placed  on 
an  arbor,  with  a  washer  to  regulate  the  distance  between 
them.  In  this  case  two  opposite  sides  of  the  work  are 
operated  on  at  once;  such  a  combination  is  called  a 
straddle  mill. 

A  sans:  mill  consists  of  two  or  more  cutters  assembled 
together  on  the  same  arbor.     It  may  be  made  up  entirely 
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of  plain  cutters  or  of  a  combijiation  of  plain  and  angular 
or  side  cutters.  Gang  mills  are  very  useful  for  milling  some 
simple  shapes,  if  plain  cutters  of  the  required  diameter  are 
available,  since  several  surfaces  may  be  operated  on  at  the 
same  time.  For  intricate  shapes,  special  milling  cutters  are 
often  made  as  gang  mills. 

48.  Threaded  Cutters. — When  any  milling  cutter  is 
attached  by  screwing  it  to  a  shank  or  to  the  spindle,  it 
is  absolutely  necessary  to  revolve  the  cutter  in  such  a  direc- 
tion  that  the  cutting  operation  will  tend  to  lock  it  more 
firmly.  From  this  it  follows  that  any  cutter  attached  by 
screwing  is  not  reversible.  For  instance,  consider  a  plain 
side  milling  cutter  that  is  attached  by  a  left-handed  thread. 
Then,  this  cutter  must  only  be  attached  so  that  it  will  run 
left-handed.  Assume  that  it  is  run  right-handed.  Then, 
as  soon  as  the  cutter  engages  the  work,  the  pressure  of  the 
cutting  operation  will  tend  to  unscrew  the  cutter;  in  case 
the  cutter  is  actually  unscrewed,  the  work  may  be  spoiled 
by  the  cutter  digging  into  it,  or  the  cutter  may  be  broken. 
Particular  attention  is  called  to  this  fact,  since  a  large  per- 
centage of  the  accidents  to  the  work  and  cutters  is  due 
to  its  not  having  been  taken  into  account.  The  foregoing 
may  be  summed  up  as  follows: 

If  the  thread  is  left-handed^  the  cutter  must  run  left- 
handed ;  for  a  right-handed  thread,  the  cutter  must  run  right -^ 
Jutnded. 

49.  It  has  been  explained  in  Art.  32  what  is  meant  by 
a  right-handed  and  left-handed  cutter;  it  will  be  well  to 
refer  again  to  this  article,  to  make  sure  that  the  meaning  of 
these  terms  when  applied  to  milling  cutters  is  properly 
understood. 

50.  Inserted-Blade  Side  Mills. — Small  side  milling 
cutters,  say  up  to  8  inches  in  diameter,  are  usually  made 
solid.  Above  that  size  the  difficulty  of  making  a  solid 
cutter  makes  cutters  with  inserted  blades  or  inserted  teeth 
cheaper  in  first  cost  and  maintenance.     Inserted-blade  side 
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milling  cutters  may  be  constructed  in  a  great  variety  of 
ways;  for  instance,  they  may  be  made  on  the  same  principle 
as  the  plain  milling  cutter  shown  in  Fig.  5,  or  the  blades 
may  be  inserted  and  locked  in  the  manner  shown  in  Fig.  8. 
This  figure  shows  the  design  adopted  by  the  Pratt  &  Whit- 
ney Company.     The  blades  a^  a  fit  rectangular  slots  cut 


Fig.  8. 

into  the  body  6.  A  hole  is  drilled  between  every  alternate 
pair  of  blades;  these  holes  are  reamed  out  tapering,  to 
receive  the  taper  locking  pins  r,  c.  After  reaming,  slots 
are  cut  through  the  reamed  holes;  the  blades  are  then 
locked  by  driving  the  taper  pins  home.  The  blades  are 
generally  made  long  enough  to  allow  them  to  be  sharpened 
a  great  number  of  times. 

51.  Inserted-Tooth  Side  Mills. — The  designs  shown 
in  Figs.  5  and  8  are  used  for  cutters  from  8  to  36  inches  in 
diameter.  Cutters  exceeding  the  latter  size  are  usually 
made  with  inserted  teeth,  although  relatively  small  cutters 
are  occasionally  made  that  way  on  account  of  low  first 
cost.  There  are  various  ways  in  which  teeth  may  be 
inserted  in  side  milling  cutters.  Probably  the  cheapest 
construction  is  to  insert  cylindrical  teeth  in  the  periphery  of 
a  cast-iron  body,  as  shown  in  Fig.  9.  The  teeth  a,  a  have 
their  ends  formed  like  planer  roughing  tools;  the  holes  in 
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which  they  are  placed  are  drilled  at  an  angle  of  about  60°  to 
the  axis,  in  order  that  the  cutting  edges  of  the  teeth  may 
come  in  front  of  the  side  of  the  body.  The  teeth  are  held 
by  setscrews  ^,  b;  owing  to  their  simple  shape,  they  can  be 
made  quite  cheaply,  and  can  be  easily  replaced. 


Fig.  9. 

52.  Fig.  10  shows  a  radically  different  construction.  The 
teeth  a  are  made  of  square  tool  steel  and  are  placed  in 
rectangular  slots  in  the  body  c;  these  slots  are  parallel  to 
the  axis  of  the  cutter.  The  teeth  are  held  bv  setscrews  e.  e. 
The  particular  cutter  shown  is  fastened  to  the  spindle  d  by 
a  key/*;  longitudinal  movement  on  the  spindle  is  prevented 
by  a  screw  ^,  which  is  placed  half  into  the  shaft  and  half 
into  the  body.  This  method  of  fastening  a  cutter  to  the 
spindle  is  adapted  only  to  cases  where  the  cutter  body  is 
not  intended  to  be  replaced  by  others  of  different  shape 
or  size. 

53.  The  particular  design  of  cutter  shown  is  a  fine 
example  of  how,  by  the  use  of  a  properly  designed  tool,  a 
surface  may  be  roughed  out  and  finished  by  running 
the  cutter  over  it  but  once.  Referring  to  the  illustra- 
tion, two  flat- nosed  tools  ^,  b  are  seen  so  placed  that  their 
outer  corner  is  slightly  inside  of  the.  circle  passing  through 
the    teeth.        The   cutting   edges   of    these    two   tools   are 
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adjusted  in  a  plane  slightly  in  front  of  that  in  which  the 
cutting  edges  of  the  teeth  are  placed.  In  consequence  of 
this,   the   teeth  will    rough    out   the  work   in   advance   of 


Fig.  10. 

the  tools  b^  and  as  the  cutter  moves  past  the  work,  the 
tools  follow  directly  behind  the  teeth  and  take  the  finishing 
cut.  This  greatly  reduces  the  time  required  for  the  cut- 
ting operation. 

54.  Cutters  designed  to  take  a  roughing  and  a  finishing 
cut  at  the  same  time  are  only  applicable  to  work  which  is  so 
rigid  that  there  is  no  danger  of  its  springing  to  an  appre- 
ciable extent  by  the  releasing  of  the  tension  existing  at  the 
surface  of  castings  and  forgings.  Plain  milling  cutters 
cannot  very  readily  be  designed  to  take  a  roughing  and  a 
finishing  cut  at  the  same  time. 

55.  Slotting  Cutter. — The  T-slot  cutter  shown  in 
Fig.  11  is  a  combination  of  a  side  milling  cutter  and  a  face 
milling  cutter,  and  is  intended  for  cutting  out  T  slots.  This 
style  of  cutter  is  usually  made  solid,  and  has  a  shank  a  which 
is  tapered  to  fit  the  hole  of  the  milling-machine  spindle. 
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The  end  of  the  shank  is  milled  to  form  a  tang  that  enters  a 
corresponding  recess  in  the  bottom  of  the  hole  in  the 
spindle,  in  order  that  the  cutter  may  be  positively  driven. 
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All  shank  cutters  must  be  driven  home  quite  heavily,  using 
a  lead  hammer  for  this  purpose;  if  this  is  not  done,  the 
vibrations  due  to  the  cutting  operation  will  soon  loosen  the 
cutter  and,  in  consequence,  it  will  dig  into  the  work. 


ANGULAR  MILLING  CUTTERS. 

56.  Classification*  —  An  angular  mllllns  cutter 

may  be  defined  as  a  cutter  intended  for  the  finishing  of 
surfaces  at  an  angle  other  than  90°  to  the  axispf  rotation. 
Angular  cutters  may  be  constructed  in  a  great  variety  of 
ways  and  may  be  solid,  or  have  inserted  teeth,  or  inserted 
blades.  They  may  be  attached  to  the  spindle  by  clamping 
them  to  an  arbor,  by  screwing  them  to  a  shank,  or  by  screw- 
ing them  to  the  spindle.  They  may  also  be  made  solid  and 
with  a  shank  that  is  either  tapered  to  fit  the  spindle  or  that 
is  cylindrical;  in  the  latter  case,  the  shank  is  held  in  a  chuck. 
Angular  cutters  may  be  divided  into  two  general  classes, 
which  are  single-angle  and  double-angle  cutters. 

57.  Single-Angle  Cutters. — A  single-angle  cutter  is 
one  in  which  one  cutting  face  is  at  an  inclination  other  than 
a  right  angle  to  the  axis  of  rotation.  Such  cutters  are 
known  according  to  the  angle  included  between  the  inclined 
face  and  a  plane  perpendicular  to  the  axis,  as  30°  cutters, 
45°  cutters,  etc.  Angular  cutters  of  the  single-angle  class 
are  largely  used  for  cutting  the  teeth  of  milling  cutters, 
counterbores,  hollow  mills,  and  similar  work  having  straight 
cutting  edges. 
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58.  A  single-angle  60°  cutter  is  shown  in  Fig.  13,  As 
shown  in  the  illustration,  it  has  teeth  cut  on  its  side,  as  well 

as  on  the  angular  face. 
Such  a  cutter  can  oper- 
ate on  two  surfaces  at 
the  same  time;  that  is, 
it  can  cut  on  a  surface 
perpendicular  to  the  axis 
of  rotation  and  also  on 
a  surface  at  an  inclina- 
tion to  it.  Single-angle 
cutters  intended  only  for 
^"''  '*■  finishing  a  surface  at  an 

inclination  to  the  axis  are  made  without  teeth  on  the  side; 

such  a  cutter  is  considerably  cheaper  than  the  one  shown  in 

Fig.  12. 

59.  t>oublc-AnKle  Cutters. — A  double-angle  cutter 
has  two  cutting  faces  each  at  an  angle  other  than  90°  with 
the  axis.  When  both  faces  make  the  same  angle  with  the 
axis,  the  cutter  is  designated  by  giving  the  angle  included 
between  the  two  cutting  faces.  For  instance,  if  the  angle  is 
60°,  the  cutter  would  be  called  a  "60°  double-angle  cutter." 

"  60.     When  the  two  cutting  faces  do  not  make  the  same 
angle  with  tjie  axis,  as,  for  instance,  in  the  cutter  shown  in 

Fig.  13,  the  cutter 
is  designated  by  giv- 
ing the  angle  in- 
cluded betweeneach 
face  and  a  plane  per- 
pendicular t  o  t  he 
axis,  as  the  angles 
a  and  i  in  the  figure. 
For  instance,  if  the 
angle  a  is  ri"  and 
the  angle  ^  48°,  the 

cutter   would    be  ''"'■  "■ 

designated  as  a  "  Vi"  and  48"  double-angle  cutter," 
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Double-angle  cutters  are  most  commonly  used  for  fluting 
taps,  reamers,  milling  cutters  with  helical  teeth,  and  similar 
work  where  it  is  important  that  the  two  surfaces  operated 
on  at  the  same  time  be  finished  equally  well. 

61.  It  must  not  be  inferred  that  a  surface  at  an  angle 
to  another  one  cannot  be  finished  except  with  an  angular 
cutter.  In  many  cases,  the  work  may  be  chucked  in  such  a 
manner  that  a  plain  milling  cutter  or  a  side  milling  cutter 
may  be  used,  and  in  other  cases,  the  axis  of  rotation  of  the 
cutter  is  adjustable,  which  allows  a  plain  cutter  or  side  mill 
to  be  used  for  angular  cuts. 


END  MILLING  CUTTERS. 

62.  Stem  Mills* — In  its  true  sense,  an  end  milling 
cutter  is  one  in  which  the  cutting  is  done  by  the  teeth  on  its 
end.  In  practice,  however,  the  term  is  usually  applied  to 
shank  cutters,  often  called  stem  mills,  which  have  teeth 
on  the  periphery  as  well  as  on  the  end,  as,  for  instance,  the 
cutter  shown  in  Fig.  14.  By  examining  the  cutter  illus- 
trated, it  will  be  seen  that  it  is  a  combination  of  a  plain  mill- 
ing cutter  and  a  side  milling  cutter,  and  can  be  used  for 
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milling  surfaces  that  are  parallel,  and  also  for  surfaces  per- 
pendicular, to  the  axis  of  the  cutter.  When  the  work  is  fed 
to  the  cutter  in  a  direction  parallel  to  the  axis  of  the  latter, 
the  teeth  on  the  end  will  do  the  cutting,  and  the  cutter  will 
act  as  a  true  end  mill.  In  most  cases,  however,  the  work  is 
fed  in  a  direction  perpendicular  to  the  axis  of  the  cutter,  and 
the  cutter  will  operate  in  the  same  manner  as  a  side  mill. 
The  larger  sizes  of  end  mills  are  made  as  shell  mills;  that  is, 
they  are  in  the  form  of  a  shell  that  is  fastened  to  an  arbor. 
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Smaller  sizes  are  made  with  a  taper  shank  a^  as  shown  in 
Fig.  14,  and  are  driven  into  a  tapering  hole  in  the  milling- 
machine  spindle.  The  smallest  sizes  are  made  with  a  cylin- 
drical shank,  or  stem*  and  are  held  in  a  self-centering 
chuck.  While  the  end  mill  shown  in  Fig.  14  has  straight 
cutting  edges,  it  is  often  made  with  helical  edges  on  the 
periphery.  The  teeth  on  the  end  are  almost  invariably 
radial. 

63.  Cotter  Mill. — Fig.  15  shows  a  peculiarly  shaped 
mill  that  is  usually  considered  as  an  end  mill,  although  it  is 
not  very  well  adapted  for  cutting  with  its  end.  This  mill  is 
known  as  a  cotter  mill,  and  is  in  reality  a  face  cutter  with 
two  teeth  opposite  each  other.     It  is  particularly  adapted 


Fig.  15. 

for  cutting  narrow  and  deep  grooves  ;  it  cannot  be  sunk 
endwise  into  solid  metal  to  any  extent,  but  a  hole  must  be 
drilled  where  the  groove  is  to  start.  The  cutting  is  done 
by  the  edges  on  the  periphery.  As  there  is  considerable 
room  for  the  chips,  the  cutter  will  not  clog  very  easily. 


FORM  MILLING    CUTTERS. 

64.  Classification. — Any  milling  cutter  intended  for 
the  milling  of  surfaces  that  are  not  plain  surfaces  may  be 
called  a  form  millins  cutter.  Such  cutters  may  be 
divided  into  two  general  classes,  viz. :  form  cutters  and 
formed  cutters.  Both  classes  will  accomplish  the  same  re- 
sult; they  differ  from  each  other  only  in  their  construction. 

The  name  form  cutter  is  usually  applied  to  any  form 
milling  cutter  that  has  the  teeth  constructed  in  the  same 
manner  as  the  ordinary  milling  cutter.  Form  cutters  can 
rarely  be  sharpened  without  changing  their  profile  to  some 
extent. 
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Formed  cutters  are  milling  cutters  that  have  been 
made  with  a  forming  tool  applied  in  such  a  manner  that  the 
sharpening  of  the  teeth  will  not  change  the  profile.. 

Form  milling  cutters  may  have  any  one  of  an  infinite 
variety  of  profiles  and  may  be  made  solid  or  several  cutters 
hiay  be  combined  info  a  gang  mill. 

65.  Fly  Cutter. — The  simplest  form  milling  cutter  is  the 
so-called  fly  cutter,  which  is  shown  in  its  arbor  in  Fig.  16. 
The  cutter  a  is  set  into  a  rectangular  slot  in  the  arbor  ^, 
and  is  locked  by  tightening  the  two  setscrews  r,  c.  The 
front  face  is  radial;  one  end  of  the  cutter  is  filed  or  turned 
to  the  profile  it  is  desired  to  cut.  It  is  seen  that  the  fly 
cutter  is  simply  a  one-tooth  milling  cutter.  Clearance  is 
given  by  setting  the  cutter  farther  out  from  the  center  than 
the  position  in  which  it  was  turned.     The  fly  cutter  has  the 


Fig.  16. 

advantage  of  being  very  cheap  in  first  cost,  even  when  the 
profile  is  quite  intricate;  for  this  reason  it  is  well  adapted 
for  such  work  as  the  making  of  forming  tools  for  screw  ma- 
chines, making  a  gear  with  an  odd  pitch  of  teeth,  and  simi- 
lar work  that  does  not  warrant  the  expense  of  a  regular 
form  cutter.  Since  the  cutter  has  only  one  cutting  edge, 
it  cannot  be  expected  to  last  as  well  or  cut  as  fast  as  a  reg- 
ular cutter;  it  will  reproduce  its  own  shape  very  exactly, 
however,  and  will  mill  quite  smoothly  if  kept  sharp. 

66.     Interlocking    of  Teeth. — Fig.  17  shows  a  form 

cutter  that  is  built  up  of  three  pieces,  thus  forming  a  gang 

cutter.      In  order  that  the  cutter  will  not  make  a  mark 

where  the  pieces  join,  the  teeth  are  made  to  interlock,  as 

-  shown  at  a,  a.     By  examining  the  cutter,  the  similarity  of  its 
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teeth  to  those  of  the  ordinary  milling  cutter  will  be  noticed. 
The  difficulty  of  sharpening  the  teeth  without  changing  the 
profile  of  the  cutter  is  apparent. 


Fic.  IT. 

67.  Gear- Tooth  Cutter. — The  most  familiar  formed 
cutter  is  the  gear  milling  cutter  shown  in  Fig.  18,  which  is 
used  for  cutting  the  teeth  of  gear-wheels.  This  cutter,  as 
are  all  formed  cutters,  is  sharpened  by  grinding  the  front 
face  of  the  teeth.     If  the  precaution  of  grinding  the  front 


faces  radially  is  observed,  the  profile  will  not  change  at  all, 
since  the  method  by  which  it  is  made  insures  that  the  pro- 
file of  all  sections  taken  through  a  tooth  in  planes  pass- 
ing through  the  axis  is  exactly  the  same.  The  tooth  a  b, 
Fig.  18,  of  a  formed  cutter  may  be  conceived  to  be  built 
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up  of  an  infinite  number  of  thin  wedge-shaped  plates  with 
radial  faces,  each  of  which  is  placed  slightly  nearer  the  axis 
of  the  cutter  than  the  one  in  front  of  it.  In  thrs  manner, 
the  back  of  the  tooth  is  made  to  clear  the  front,  which 
forms  the  cutting  edge.  Sharpening  the  tooth  may  be 
likened  to  tlie  removal  of  one  or  more  of  the  plates  of  which 
the  real  tooth  was  conceived  to  be  composed,  thus  leaving 
plates  that  have  not  worn  in  readiness  to  cut. 

68.  Formed  Gang  Cutters. — Formed  cutters  may  be 
made  for  an  endless  variety  of  profiles  ;  Fig.  19  will  serve 
as  a  suggestion  of  what  can  be  done.  In  many  cases, 
formed  cutters  may  be  combined  with  ordinary  cutters  or 


Fig.  19. 

with  form  cutters;  the  several  cutters  when  assembled  to- 
gether will  form  a  gang  mill.  Formed  cutters  cannot  be 
made  without  a  special  forming  machine  or  device;  for  this 
reason  they  are  usually  bought  of  manufacturers  that  make 
a  specialty  of  them. 


69.  In  practice,  a  vast  variety  of  milling-machine  cut- 
ters will  be  found  that  at  first  will  appear  unlike  any  that 
have  been  illustrated  here.  When  they  are  analyzed,  how- 
ever, they  will  invariably  be  found  to  belong  to  one  of  the 
several  classes  enumerated;  in  many  cases  the  distinctive 
features  of  several  classes  may  be  combined  in  a  cutter. 
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CARE  OF  MILLING  CUTTERS. 


KEEPING  CUTTERS  SHARP. 

70.  In  order  that  a  milling  cutter  may  worl^  to  the  best 
advantage,  it  is  absolutely  essential  that  it  be  kept  sharps 
and  that  all  cutting  edges  be  at  the  same  distance  from  the 
axis  of  rotation  of  the  cutter.  It  is  not  sufficient  that  the 
cutting  edges  be  at  the  same  distance  from  the  axis  of  the 
cutter,  for  if  a  true  cutter  is  mounted  on  an  arbor  that  is 
eccentric,  i.  e.,  runs  out  of  true,  the  cutting  edges  will  not 
be  at  the  same  distance  from  the  axis  of  rotation.  In  con- 
sequence  of  this,  some  edges  will  have  to  do  more  work  than 
others;  experience  has  shown  that  if  this  is  the  case,  the 
cutter  can  neither  be  pushed  to  the  full  limit  of  its  capacity 
nor  can  it  produce  as  smooth  work  as  one  ground  true  in 
respect  to  its  axis  of  rotation.  This  fact  is  becoming  more 
generally  realized,  as  evidenced  by  the  increasing  practice 
of  grinding  cutters  while,  in  place  in  the  milling  machine. 


EFFECT  OF  DULLNESS. 

71.  Milling  cutters  cannot  be  ground  true  enough  by 
hand  to  allow  the  machines  to  be  worked  to  the  best  advan- 
tage. A  cutter-grinding  machine  is  an  essential  adjunct 
of  the  milling  machine,  and  without  it  the  milling  machine 
is  at  a  serious  disadvantage.  A  dull  cutter  is  distinctly  a 
bad  cutter;  it  should  never  be  used  in  that  condition,  but 
should  be  sharpened  as  soon  as  it  shows  signs  of  becoming 
dull.  A  dull  cutter  will  do  poor  work,  will  require  more 
power  to  drive  it,  and  will  wear  out  faster  than  one  that 
is  kept  sharp.  The  extra  power  required  to  drive  a  dull 
cutter  is  transformed  by  friction  into  heat;  this  heat  tends 
to  soften  the  cutting  edges  and  thus  tends  to  make  them 
wear  faster.  In  formed  cutters  there  is,  in  addition,  a 
wearing  of  the  formed  surfaces  that  will  shorten  the  life 
of  a  cutter  more  than  many  sharpenings. 
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72.  As  an  example  of  what  work  can  be  done  by  a 
cutter  that  is  kept  sharp,  the  Brown  &  Sharpe  Manufac- 
turing Company  state 
that  the  worn-out  gear- 
cutter  shown  in  Fig.  20, 
which  is  3i  inches  in  di- 
ameter, has  cut  467  cast- 
iron  gears,  having  a  face 
3  inches  wide,  with  64 
teeth  of  4  diametral  pitch. 
This  makes  a  total  length 
of  cut  of  7,473  feet.  The 
teeth  were  cut  from  the 
solid  blank  and  finished 
in  one  cut.  This  per- 
formance, while  good,  is 
by  no  means  exceptional.  pi^,  ^ 


HOLDING  CUTTERS. 


ARBORS. 

73.  Construction   of   Arbor. — The  ideal  method  of 

driving  the  cutter  is  to  make  it  a  part  of  the  spindle,  and 
this  is  done  to  some  extent  in  milling  machines  designed 
especially  for  side  milling.  In  milling  machines  intended 
for  general  work,  the  cutter  must  be  so  made  that  it  can  be 
easily  removed,  which  condition  precludes  making  it  a  part 
of  the  spindle. 

74.  Cutters  are  most  commonly  clamped  to  an  arbor, 
which  in  turn  is  fitted  to  the  spindle  and  forced  to  rotate 
with  it.  A  common  design  of  an  arbor  is  shown  in  Fig.  21. 
It  has  a  taper  shank  a,  which  fits  a  corresponding  hole  bored 
in  the  spindle.  The  rear  end  of  the  shank  is  flattened  to 
form  the  tang  /,  which  enters  a  corresponding  slot  at 
the  bottom  of  the  tapered  hole  in  the  spindle,  and  which 
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is  expected  to  drive  the  arbor  in  a  positive  manner.  The 
part  of  the  arbor  that  projects  from  the  spindle  is  made 
cylindrical ;  a  nut  is  placed  on  the  end  of  the  arbor  for  the 
purpose  of  clamping  the  cutter,  which  is  placed  between 
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removable  washers,  as  ^,  b.  These  washers  are  made  of 
different  lengths  in  order  to  accommodate  different  widths 
of  cutters,  and  also  to  allow  the  cutter  to  be  placed  in  differ- 
ent positions  along  the  arbor  without  the  necessity  of  having 
a  very  large  number  of  washers. 

76.  Methods  of  Removing  Arbors. — The  particular 
design  of  arbor  shown  is  provided  with  a  nut  directly  in 
front  of  the  shank.  This  nut  when  screwed  against  the 
front  end  of  the  spindle  will  cause  the  arbor  to  be  withdrawn 
from  the  spindle.  More  commonly,  however,  the  arbor  is 
Joosened  by  driving  a  tapered  key  behind  the  shank;  in 
some  cases  the  spindle  is  made  hollow  and  the  arbor  is  then 
punched  out  with  a  rod. 

76.  Supporting  Arbors. — The  front  end  of  the  arbor 
usually  has  a  countersunk  center  to  allow  a  dead  center 
to  be  used  for  supporting  it.  Occasionally,  a  cylindri- 
cal teat  ^,  Fig.  21,  is  formed  at  the  front  end;  this  teat  is 
fitted  to  a  bushing  held  in  the  outboard  bearing  and  serves 
to  support  the  arbor.  When  the  machine  has  no  outboard 
bearing,  the  cutter  should  invariably  be  placed  just  as 
close  to  the  spindle  as  circumstances  permit,  since  an  arbor 
is  comparatively  slender  and  will  spring  considerably  even 
under  a  moderate  cut.  When  no  way  of  steadying  the  end 
.  of  the  arbor  is  available,  then  in  cases  where  the  cutter 
must  be  placed  near  the  end,  the  finishing  must  be  done 
by  light  cuts  in  order  to  keep  the  spring  of  the  arbor  within 
reasonable  limits. 
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77.  Driving  tlie  Cutter. — In  many  cases  the  cutter 
is  driven  simply  by  the  friction  between  the  sides  of  the 
washers  and  the  sides  of  the  cutter;  this  friction  is  created 
by  screwing  up  the  nut  on  the  end  of  the  arbor.  When  the 
cutter  slips  in  spite  of  repeated  tightening,  it  may  often  be 
made  to  hold  by  placing  washers  made  from  ordinary  wri- 
ting paper  between  the  metallic  washers  and  the  cutter. 
Thin  brass  or  copper  washers  will  also  be  found  useful  for 
this  purpose. 

For  heavy  cutting,  the  cutter  should  be  driven  by  a  key; 
a  good  many  arbors  have  a  semicircular  groove  cut  along 
the  cylindrical  part  to  take  a  round  key,  which  may  be 
made  by  cutting  off  a  piece  of  drill  rod  to  the  right  length. 
A  corresponding  semicircular  keyway  is  cut  in  the  bore  of 
the  cutters.  In  some  cases,  the  driving  is  done  by  a  regular 
rectangular  feather;  the  arbor  is  then  splined. 

78*     Precautions    to  be    Taken   Witli    Arbors. — 

When  the  end  of  the  arbor  is  supported  either  by  a  bushing 
or  by  a  dead  center,  there  is  no  chance  for  the  arbor  to 
become  loose  in  the  spindle,  provided  the  supports  are 
properly  adjusted.  When  the  end  of  the  arbor  is  free,  how- 
ever,  it  must  be  driven  home  in  the  spindle  quite  hard,  or  it 
will  come  loose  under  the  vibrations  due  to  the  cutting 
operation.  Before  inserting  the  arbor,  the  hole  in  the 
spindle  should  be  thoroughly  cleaned  of  any  chips  that  may 
have  gotten  into  it,  and  it  should  also  be  free  from  grease  or 
oil.  The  shank  of  the  arbor  must  then  be  cleaned  off  just 
as  carefully,  and  inserted  so  that  the  tang  enters  the  corre- 
sponding slot  in  the  spindle.  It  should  be  driven  home  by  a 
fair,  quick  blow  with  a  heavy  lead  hammer.  In  nine  cases 
out  of  ten,  the  coining  loose  of  the  arbor,  which  is  here  as- 
sumed to  have  been  properly  fitted,  is  due  to  oil  or  grease 
on  the  shank  and  in  the  spindle.  Hence,  if  the  arbor  per- 
sists in  coming  loose,  again  clean  the  shank  and  spindle 
thoroughly.  In  some  cases,  the  shoulders  of  the  tang  may 
strike  the  bottom  of  the  hole  in  the  spindle;  this  can  easily 
be  discovered  by  examining  the  tang.     If  they  do,  the  arbor 
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cannot  be  driven  home  properly,  in  which  case  the  tang 
should  be  ground  off  where  it  bottoms.  Chips  or  dirt  be- 
tween the  collars  may  bow  the  arbor  and  cause  it  to  run  out. 

79.  Arbors  of  the  form  shown  in  Fig.  21  are  made  with 
right-hand  and  left-hand  nuts,  and  the  cutter  used  on  the 
arbor  should  always  have  a  direction  of  rotation  to  suit  the 
direction  of  the  thread.  That  is,  select  a  cutter  that  runs 
in  such  a  direction  that  when  slipping  occurs,  the  tendency 
will  be  to  tighten  the  nut.  Hence,  for  a  left-hand  thread  on 
the  arbor,  the  cutter  should  be  left-handed.  If  the  thread 
is  right-handed,  use  a  cutter  that  must  run  right-handed. 

80*  Stiell-Mill  Arbor. — Small  side  mills  and  end  mills 
are  often  so  made  as  to  be  held  in  a  manner  similar  to  that  in 
which  a  shell  reamer  is  held ;  the  shell-mill  arbor  shown  in 
Fig.  22  {a)  is  then  used.  This  arbor  has  a  taper  shank  to 
fit  either  the  milling-machine  spindle  or  a  collet  fitted  to 
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the  spindle.  The  shoulder  at  the  end  of  the  cylindrical  part 
a^  which  forms  the  seat  for  the  cutter,  has  two  projections 
that  enter  corresponding  slots  in  the  cutter  and  insure  posi- 
tive  driving.  The  cutter  is  confined  lengthwise  by  the  head 
of  the  screw  b,  which  enters  a  recess  in  the  cutter,  thus 
bringing  the  head  below  the  face  of  the  cutter;  this  is  nec- 
essary for  end  milling  and  some  kinds  of  side  milling. 

81.  Screw  Arbor. — Small  cutters  are  often  made 
with  a  threaded  hole  and  are  screwed  to  a  screw  arbor  made 
as  shown  in  Fig.  22  (b).     The  direction  of  rotation  of  the 
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cutter  that  can'be  used  with  a  shell-mill  arbor  and  screw  arbor 
is  determined  by  the  direction  of  the  thread  of  the  screw  b. 
Fig.  22  («),  or  the  screw  at  the  end  of  the  screw  arbor. 
That  is,  for  a  left-handed  thread  use  a  left-handed  cutter; 
for  a  right-handed  thread  use  a  right-handed  cutter. 

82.  Effect  of  Vibration.— While  it  is  admitted  that 
in  an  arbor  driving  a  cutter  by  positive  means,  as  by  a  key, 
or  by  projections  on  the  shoulder,  there  is  no  danger  of  the 
nut  unscrewing  by  a  slipping  of  the  cutter,  experience  has 
shown  that  the  vibrations  due  to  the  cutting  operation  tend 
to  unscrew  the  nut,  or  the  screw  ^,  Fig.  22  (a),  unless  its 
thread  is  in  accordance  with  the  statement  made  in  Art.  81. 
If  no  cutter  having  the  proper  direction  of  rotation  is  avail- 
able, the  nut  or  screw  must  be  screwed  home  as  firmly  as 
circumstances  will  permit,  and  the  chance  of  the  cutter 
working  loose  must  be  taken. 

Shell-mill  arbors  and  screw  arbors  are  liable  to  become 
loose  for  the  same  reasons  as  the  ordinary  arbor ;  the  same 
precautions  should  be  used  that  were  explained  in  Art.  78. 

83;  Arbor  for  Use  Between  Centers. — Fig.  23 
shows  how  a  milling  arbor  may  be  made  if  the  cutter  is  to 
be  driven  between  centers,  as  occurs  when  a  lathe  is  tem- 
porarily converted  into  a  milling  machine.     The  arbor  is 
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driven  by  a  dog,  the  tail  of  which  engages  with  the  face 
plate.  Such  an  arbor  may  occasionally  be  used  for  ^regular 
milling  machine  having  an  outboard  bearing;  a  live  center 
must  then  be  placed  in  the  milling-machine  spindle  and  suit- 
able arrangements  made  for  driving  the  arbor. 
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COLLBTS. 

84.  Plain  Collet. — A  collet  is  a  socket  used  for  bush- 
ing down  the  hole  in  the  milling-machine  spindle  so  that 
smaller  arbors  or  shanks  can  be  held.  Fig.  24  (a)  shows 
how  such  collets  are  usually  made.  The  outside  fits  the 
milling-machine  spindle;  the  inside  is  bored  out  true  with 
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the  outside,  so  that  an  arbor  inserted  in  the  collet  will  run 
true  when  the  collet  is  in  the  machine.  The  tang  of  the 
arbor  or  of  the  cutter  shank  projects  into  the  slot  a  ;  the 
arbor  can  be  removed  from  the  collet  by  driving  a  taper  key 
into  the  slot  behind  the  tang. 


85.  With  constant  use,  a  collet  will  enlarge  somewhat 
inside,  so  that  the  shank  of  the  arbor  or  cutter  will  finally 
bottom.  A  thin  piece  of  writing  paper  may  then  be 
wrapped  around  the  shank;  the  paper  must  not  be  so  wide 
as  to  lap,  however.  While  this  is  a  makeshift  at  best,  it  is 
one  that  will  often  prove  very  handy.  The  same  thing  may 
be  done  when  the  cutter  shank  or  arbor  does  not  bottom  in 
the  hole,  but  has  its  tang  projecting  so  far  into  the  slot  a 
that  it  will  not  be  possible  to  get  a  key  in  to  drive  the  shank 
out  after  it  is  driven  home.  The  key  is  usually  made  as 
shown  in  Fig.  24  {b)\  a  hole  is  drilled  near  the  large  end  so 
that  a  chain  can  be  attached  to  it  and  to  some  stationary 
part  of  the  machine.  This  insures  finding  the  key  when 
it  is  wanted. 
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86.  Ctiuck  Collet. — Small  cutters  are  often  made  with 
a  cylindrical  shank,  and  very  small  cutters  are  made  from 
drill  rod.  Such  cut- 
ters may  be  held  by 
means  of  the  ctiuck 
collet  shown  in  Fig. 
25.  The  front  end  of 
the  collet  is  bored  out 

cylindrically,  and  so  that  the  axis  of  the  cylindrical  hole 
coincides  with  the  axis  of  the  shank  a,  A  nut  b  having  a 
plain  tapered  part  is  fitted  to  the  front  end,  which  latter 
has  been  split  into  three  parts.  By  reason  of  the  front  end 
being  tapered  on  the  outside,  the  screwing  up  of  the  nut  b 
will  close  the  split  part  on  the  shank  of  the  cutter,  thus 
holding  it  centrally  and  firmly. 

87.  The  chuck  collet  shown  is  open  to  one  objection, 
which  is  that  all  cutters  to  be  used  with  it  must  have  the 
same  diameter  of  shank.  If  a  chuck  collet  is  intended  to 
take  straight  shanks  of  varying  diameter,  a  high  grade  drill 
chuck  of  the  Almond  or  Beach  type  may  be  attached  to  a 
shank  fitting  the  milling-machine  spindle. 


CHUCKS  AND  FACB  PLATES. 

88.  Self-centering  lathe  chucks  may  often  be  fitted  to 
the  spindle  for  holding  cutters  having  larger  shanks  than 
the  drill  chuck  will  receive.  For  some  work  a  single-tooth 
cutter  may  be  mounted  in  a  slot  of  a  face  plate  fitted  to  the 
spindle.  Such  a  construction  does  not  differ  essentially 
from  that  of  a  fly  cutter,  being  simply  a  fly  cutter  on  a 
larger  scale.  A  cutter  attached  to  a  face  plate  will  be 
found  of  great  service  in  finishing  a  surface  to  a  circular 
profile  having  a  given  radius.  While  this  can  be  done  to 
the  best  advantage  with  a  regular  milling  cutter  made 
especially  to  the  required  radius,  the  fact  remains  that  in 
many  cases  the  expense  of  making  such  a  cutter  is  not 
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warranted  by  the  conditions,  and  a  face-plate  cutter  will  than 
prove  an  excellent  inexpensive  substitute. 

89.  Fig.  2G  shows  the  general  idea  of  a  face-plate  cut- 
ter; its  similarity  to  the  fly  cutter  will  be  apparent.  Re- 
ferring to  the  figure,  the  face  plate  a  is  seen  to  be  threaded 
so  as  to  screw  on  the  spindle.     The  cutter  c  is  adjustable  in 
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the  slot  i,  and  can  be  clamped  by  tightening  the  nut  d. 
The  shank  of  the  cutter  should  have  a  rectangular  cross- 
section  so  that  the  cutter  will  not  turn  in  the  slot. 

90.  If  a  circular  milling  cutter  of  the  right  profile,  but 
of  smaller  diameter,  is  available,  the  expense  of  making  a 
single-tooth  cutter  can  often  be  saved  by  clamping  the 
regular  cutter  to  the  face  plate,  passing  the  clamping  bolt 
through  the  slot  in  the  face  plate.  The  cutter  is  then 
placed  with  one  of  its  cutting  edges  in  the  position  occupied 
by  the  cutting  edge  of  the  fly  cutter  shown  in  the  illustra- 
tion, and  after  adjusting  it  to  the  required  radius,  it  is 
clamped.  Any  ordinary  bolt  may  be  used  for  clamping. 
The  setting  of  the  cutter  so  as  to  mill  a  given  radius  is  m>t 
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a  particularly  difficult  matter.  The  cutting  edge  must  be 
set  at  a  distance  from  the  periphery  equal  to  the  difference 
in  the  required  radius  and  the  radius  of  the  face  plate. 
When  the  cutter  projects  considerably  from  the  face  of  the 
face  plate,  the  blade  of  a  try  square  may  be  placed  on  the 
cutting  edge  and  the  stock  held  against  the  face  plate; 
the  distance  from  the  edge  of  the  blade  to  the  peripher]^ 
may  then  be  measured  with  a  steel  rule. 

When  a  regular  milling  cutter  is  used  as  a  fly  cutter,  it  is 
advisable  to  drive  a  dowel-pin  into  the  face  plate  in  such  a 
position  that  it  will  come  between  two  teeth,  and  thus  pre- 
vent rotation  under  the  pressure  of  the  cutting  operation. 


PREPARATION  OF  STOCK. 

91.  The  term  stock,  when  used  in  connection  with  a 
milling  operation,  refers  to  the  work  in  its  rough  condition. 
The  success  of  the  milling  operation  depends  to  a  large  ex- 
tent on  the  condition  in  which  the  stock  reaches  the  milling 
machine.  If  the  stock  is  hard,  either  in  spots  or  all  over, 
as  is  the  case  with  unannealed  tool  steel  and  often  with 
forgings,  or  if  the  stock  has  a  hard  skin,  as  is  usually  the 
case  with  iron  castings  and  steel  castings,  the  hardness 
will  cause  the  cutter  to  dull  rapidly,  which  prevents  the 
machine  being  worked  to  the  best  advantage. 

92.  In  some  cases,  the  stock  is  as  soft  as  it  can  be  ren- 
dered; no  further  preparation  is  then  feasible  or  necessary. 
In  other  cases,  the  stock  can  readily  be  softened  and  thus 
be  put  into  a  better  condition  for  milling.  The  softening 
may  consist  of  a  removal  of  hard  scale  by  pickling  and  rat- 
tling, or  uniform  softening  by  annealing,  or  maybe  a  com- 
bination of  these  methods. 

93.  Iron  and  steel  castings,  when  they  leave  the  mold, 
usually  have  a  hard,  glossy  skin,  or  scale,  as  it  is  called,  in 
which  sand  is  frequently  embedded.  This  scale,  when  the 
size  of  the  casting   allows   it,    can  be   pretty   thoroughly 


40  MILLING-MACHINE  WORK.  §  13 

removed  by  rattling  the  castings  in  a  foundry  rattler ^  or 
tumbler^  as  some  call  it.  Castings  of  a  size  and  shape  that 
prohibit  tumbling  may  have  the  scale  softened  so  that  it 
will  crumble  easily  by  pickling:.  This  is  done  by  placing 
the  castings  for  from  10  to  15  minutes  into  an  acid  bath  com- 
posed of  1  part  of  sulphuric  acid  to  25  parts  of  boiling  water. 
After  pickling,  the  castings  must  be  thoroughly  washed  in 
clean  boiling  water  in  order  to  remove  all  traces  of  the  acid, 
which  would  cause  them  to  rust  very  rapidly.  A  hard  scale 
is  often  found  on  forgings.  This  may  also  be  removed  by 
rattling  or  pickling. 

94.  When  castings  or  forgings  are  found  too  hard  to 
mill  easily,  even  after  the  scale  has  been  removed,  they  may 
be  annealed  by  heating  them  very  slowly  to  a  dull-red  heat, 
and  allowing  them  to  cool  gradually.  The  annealing  will 
have  the  further  advantage  of  releasing,  to  a  large  extent, 
the  internal  stresses  that  have  been  set  up  in  forging  or 
casting.  This  reduces  the  extent  to  which  the  shape  of  the 
work  will  change  after  machining. 


CUTTING  SPEEDS  AND  FEEDS. 


CUTTING  SPEEDS. 

95.  Owing  to  the  large  variety  of  work  that  may  be  done 
by  milling,  no  hard  and  fast  rules  in  regard  to  proper  cut- 
ting speed  and  feed  per  tooth  can  be  given  as  applicable  to 
all  cases.  When  much  work  of  the  same  kind  is  to  be  done, 
it  is  well  to  experiment  a  little,  starting  in  with  a  feed  and 
speed  that  judgment  indicates  to  be  conservative,  and  vary- 
ing both  gradually  until  the  maximum  production  at  the 
minimum  expense  per  piece  has  been  obtained. 

96.  The  cutting  speed  depends  on  several  factors,  one 
of  which  is  the  character  of  the  material  to  be  milled,  i.  e., 
its  resistance  to  being  severed  by  the  milling  cutter.     It 
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may  be  stated  as  a  general  rule  that  the  harder  the  material 
the  slower  the  cutting  speed  must  be.  Thus,  unannealed 
tool  steel  calls  for  a  low  cutting  speed,  while  soft  brass 
castings  can  be  advantageously  milled  at  a  much  higher 
speed.  In  order  to  aid  the  milling-machine  operator  in 
judging  about  where  to  commence  to  experiment,  the 
average  cutting  speeds  for  different  materials  are  here  given. 
A  peripheral  (surface)  speed  of  15  feet  per  minute  can 
rarely  be  exceeded  in  unannealed  tool  steel.  If  well  an- 
nealed, the  speed  may  be  increased  to  25  feet  per  minute. 
Wrought  iron,  soft  machinery  steel,  and  hard  white-iron 
castings  can  be  successfully  machined  at  a  speed  of  from 
30  to  40  feet  per  minute.  Medium-hard  iron  castings,  phos- 
phor bronze,  tobin  bronze,  aluminum  bronze,  and  similar 
very  tough  copper  alloys  may  stand  a  cutting  speed  of 
50  feet  per  minute,  which  can  be  increased  to  60  feet  for 
common,  soft  gray-iron  castings,  soft  steel  castings,  and 
malleable-iron  castings.  Red-brass  castings,  more  com- 
monly but  wrongly  designated  as  gun-metal  castings,  will 
stand  a  cutting  speed  of  80  feet  per  minute;  this  can  be 
easily  increased  to  100  feet  for  yellow  brass. 

97.  Another  factor  that  enters  into  the  selection  of  a 
proper  cutting  speed  is  the  presence  or  absence  of  provision 
for  carrying  away  the  heat  generated  in  the  cutting  opera- 
tion. This  heat  may  be  carried  away  by  flooding  the  work 
and  cutter  with  oil  or  soda  water  during  the  milling  opera- 
tion; when  this  is  done  while  a  sharp  cutter  is  used,  the 
cutting  speed  may  be  as  much  as  50  per  cent,  in  excess  of 
that  possible  in  dry  milling. 

98.  A  sharp  cutter  will  easily  stand  a  higher  cutting 
speed  than  a  dull  one;  in  this  respect  a  milling  cutter  is 
analogous  to  a  lathe  tool.  It  may  be  stated  that  the  duller 
the  cutter  the  more  heat  will  be  generated  per  revolution; 
hence  in  order  to  give  a  chance  for  this  heat  to  dissipate 
into  the  work  and  surrounding  atmosphere  so  that  the  cut- 
ting edges  will  not  become  overheated,  the  revolutions  per 
minute  must  be  lowered. 
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FEEDS. 

99.  The  rate  of  feed  depends  on  the  pitch  of  the  teeth, 
the  provision  made  for  clearing  out  the  chips,  the  rigidity 
of  the  work  and  machine,  the  manner  in  which  the  work  is 
held,  and  the  degree  of  finish  desired. 

When  milling  cutters  were  first  made,  they  were  con- 
structed with  teeth  having  a  very  fine  pitch.  Experience 
quickly  showed  that  the  chips  would  clog  up  the  spaces  be- 
tween the  teeth,  packing  in  so  closely  that  the  cutter  would 
refuse  to  cut  at  all  except  when  a  very  fine  feed  was  em- 
ployed. Such  cutters,  instead  of  cutting,  really  nibbled  away 
little  crumbs  of  metal,  as  it  might  be  expressed  for  want  of 
a  better  term.  It  became  gradually  understood  that  by 
making  the  pitch  of  the  teeth  coarser,  a  distinct  chip  could 
be  taken,  whose  size,  so  far  as  the  cutter  was  concerned, 
was  limited  only  by  the  size  of  the  space  between  the -teeth 
and  the  provision  made  for  clearing  out  this  space.  From 
this  the  conclusion  may  be  drawn  that,  other  conditions  per- 
mitting, the  rate  of  feed  per  tooth  can  be  greater  as  the 
pitch  of  the  teeth  is  made  larger.  The  rate  of  feed  obvi- 
ously must  never  be  so  large  as  to  break  the  tooth. 

100.  The  rigidity  of  the  work,  that  is,  its  resistance 
to  a  change  of  form  under  the  pressure  of  the  cutting  oper- 
ation, exercises  a  powerful  influence  over  the  rate  of  feed. 
Therefore,  if  the  work  will  spring  easily,  a  fine  feed  must 
be  employed ;  when  it  is  very  rigid  the  feed  can  be  increased 
up  to  the  limit.  Likewise,  if  the  work  is  substantially 
held,  a  coarser  feed  is  permissible  than  when  it  is  lightly 
held. 

As  stated  in  Art.  99,  the  permissible  feed  is  influenced 
largely  by  the  space  available  between  the  teeth  for  the  re- 
ception of  the  chip.  Evidently,  this  space  can  be  filled 
either  by  a  heavy  and  short  chip  or  a  fine  and  long  chip  of 
equal  volume.  From  this  the  conclusion  may  be  drawn 
that  for  a  shallow  roughing  cut  the  feed  may  be  coarse,  and 
that  increasing  the  depth  of  the  cut  requires  a  decrease  of 
the  feed. 
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lOl*  The  degree  of  finish  desired  largely  influences  the 
choice  of  feed.  As  a  general  rule,  it  may  be  stated  that  for 
roughing  out,  a  relatively  low  cutting  speed  and  a  heavy 
feed  will  be  found  advantageous,  while  for  finishing,  a 
higher  cutting  speed  and  fine  feed  are  needed.  The  only 
exception  is  in  the  case  of  side  milling  with  inserted- tooth 
or  inserted-blade  cutters.  Here  a  wide,  flat-nosed  cutting 
edge  can  be  used,  and,  consequently,  a  very  wide  feed  is 
permissible. 

Another  point  that  must  be  taken  into  consideration  when 
experimenting  for  a  proper  feed  and  cutting  speed  for  a 
particular  job,  is  the  difficulty  of  resetting  some  forms  of 
gang  cutters  after  sharpening  so  that  they  will  cut  exactly 
the  same  shape  as  before.  In  such  cases,  it  will  occasionally 
prove  more  economical  to  use  a  slower  speed  and  lighter  feed 
in  order  to  make  the  cutter  last  longer  and  thus  save  the 
time  required  for  resetting  it  after  it  has  been  sharpened. 

102*  The  peripheral  speed  (the  cutting  speed)  of  a 
milling  cutter  can  readily  be  found  in  feet  per  minute  by 
multiplying  its  diameter,  in  inches,  by  3.1416  and  by  the 
number  of  revolutions  per  minute,  and  dividing  the  product 
by  12.  The  revolutions  per  minute  can  be  obtained  by 
using  a  speed  indicator,  which  is  an  instrument  made  for 
this  purpose. 

'Example. — A  cutter  3  inches  in  diameter  makes  120  revolutions  per 
minute.     What  is  its  cutting  speed  in  feet  per  minute  ? 

Solution. — Applying  the  rule  given  in  Art.  102,  we  get 

8x3.1416x120 


12 


=  94.25  feet.     Ans. 


103.  Tables  I  and  II  were  calculated  by  Mr.  C.  C. 
Stutz  and  first  published  in  **  Machinery."  These  tables 
are  very  useful  for  finding  the  cutting  speeds  of  milling  cut- 
ters when  the  diameter  of  the  cutter  and  the  number  of 
revolutions  per  minute  are  known.  Likewise,  if  a  cutting 
speed  has  been  selected  and  the  diameter  of  the  cutter  is 
known,  the  number  of  revolutions  it  must  make  per  minute 
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can  be  taken  directly  from  the  table.  These  tables  are  appli- 
cable to  lathe  work  as  well,  by  considering  the  diameter  of 
the  work  instead  of  the  diameter  of  the  milling  cutter. 

104.  Suppose  the  diameter  of  the  cutter  (or  work)  is 
given,  and  a  cutting  speed  has  been  selected.  To  find 
the  corresponding  number  of  revolutions,  look  in  the  first 
line  at  the  top  for  the  nearest  diameter.  Follow  down  the 
column  headed  by  the  diameter  until  a  cutting  speed  nearest 
to  the  one  selected  is  found.  In  the  first  column  at  the 
left  will  be  found  the  corresponding  number  of  revolutions 
per  minute. 

1  OS.  When  the  revolutions  per  minute  and  the  diameter 
of  the  cutter  (or  work)  are  known,  to  find  the  correspond- 
ing cutting  speed,  look  in  the  first  column  at  the  left  for  the 
nearest  number  of  revolutions.  Follow  this  line  to  the 
right  until  the  column  headed  by  the  diameter  is  reached. 
In  this  column  and  on  the  same  line  with  the  number  of 
revolutions,  the  correspondmg  cutting  spaed  will  be  found. 
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(PART  2.) 


OPERATION  OF  MILLING  MACHINES. 


LUBRICATION. 

!•  Purpose  of  Lubrication. — An  ample  lubrication 
of  a  milling  cutter  during  the  cutting  operation  not  only 
decreases  the  friction  and  thus  lessens  the  heating  of  th^ 
work  and  cutter,  but  also  carries  the  heat  away  to  an  extent 
depending  on  the  character,  volume,  and  method  of  appli- 
cation of  the  lubricant  employed. 

""The  carrying  away  of  the  heat  is  probably  the  chief  benefit 
derived  from  an  ample  application  of  a  lubricant,  experience 
having  shown  that  keeping  the  cutting  edges  cool  largely 
prevents  them  from  becoming  dull.  A  proper  application 
of  the  lubricant  will  also  quite  effectively  prevent  the  chips 
from  filling  up  the  spaces  between  the  teeth  of  the  cutter, 
and  will  consequently  permit  an  increase  in  the  rate  of  feed. 

2.  Materials  Requiring:  Lubrication. — Experience 
has  shown  that  no  lubrication  is  required  for  milling  ordi- 
nary gray  cast-iron  and  yellow-brass  castings.  For  milling 
wrought  iron,  steel,  steel  castings,  malleable-iron  castings, 
hard  cast  iron,  bronze,  copper,  and  the  various  tough  copper 
alloys,  lubrication  of  some  sort  is  usually  either  necessary 
or  advisable. 

§14 
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LUBRICANTS. 

3.  The  lubricant  generally  used  for  milling  cutters  is 
either  some  oil  or  a  mixture  of  some  oil  with  soda  water 
and  other  ingredients.  While  oil  alone  is  probably  the  best 
lubricant,  it  is  also  the  most  expensive ;  for  this  reason,  it  is 
rarely  used  for  any  other  than  small,  fine  milling,  where 
ample  provision  may  be  made  for  catching  most  of  the 
surplus  oil  and  the  chips.  A  cheap  mixture  of  oil  with  other 
ingredients  is  usually  preferred  for  cases  where  the  surplus 
oil  cannot  readily  be  saved. 

4.  Pure  lard  oil  is  by  many  conceded  to  be  the  best 
lubricant  for  milling  cutters,  since  it  has  sufficient  body  to 
make  it  adhere  well,  and,  furthermore,  it  thickens  very 
slowly  from  age  and  use.  Its  only  drawback  is  the  com- 
paratively high  first  cost.  Some  of  the  so-called  fish  oils 
are  considerably  cheaper  than  a  good  grade  of  lard  oil,  and 
are  considered  by  some  to  be  fair  substitutes.  If  most  of 
the  drippings  and  chips  are  caught,  the  oil  may  be  separated 
by  some  form  of  oil  separator,  of  which  a  number  are  in  the 
market,  in  which  case  a  high-priced  lard  oil  will  often 
prove  the  cheapest  in  the  long  run,  since  its  superior  lubri- 
cating qualities  enable  more  work  to  be  done. 


METHODS  OP  LUBRICATION. 

5.  Choice  of  Method. — The  choice  of  a  method  of 
applying  a  lubricant  naturally  depends  on  the  service  in 
which  the  machine  is  engaged.  When  only  a  few  pieces 
are  to  be  milled,  an  expensive  lubricating  system  is  scarcely 
advisable;  when  the  machine  is  constantly  employed  on 
duplicate  work,  an  elaborate  lubricating  system  will  usually 
pay  for  itself  in  a  short  time  by  reason  of  the  decrease  in 
cost  of  maintenance  of  cutters  and  increase  in  production. 

The  different  methods  of  applying  a  lubricant  to  a  milling 
cutter  are  by  a  brushy  by  a  gravity  fccd^  and  by  a  pump, 

6.  By  Brush. — The  simplest  method  of  lubrication 
consists  of  applying  the  lubricant  to  the  cutter  with  a  brush. 


§  14  MILLING-MACHINE  WORK.  3 

This  method  is  well  adapted  to  delicate  work  where  light 
cuts  are  taken.  The  oil  supply  being  intermittent  in  this 
case,  it  must  be  frequently  renewed,  the  chips  at  the  same 
time  being  cleared  out  from  between  the  teeth  of  the  cutter. 
In  applying  the  brush,  care  must  always  be  taken  to  so 
apply  it  that  there  is  no  likelihood  of  the  brush  being  drawn 
toward  the  work  by  the  cutter;  that  is,  apply  it  to  the  side 
of  the  cutter  that  runs  away  from  the  work.  A  stiff,  long- 
handled,  bristle  brush  is  preferable  for  this  work;  camel's- 
hair  brushes  are  too  soft  for  an  efficient  removal  of  the 
chips. 

7.  By  Gravity. — In  general,  a  constant  lubrication  is 
preferable  to  an  intermittent  one.  For  this  purpose  a  can 
or  a  small  tank  may  be  placed  at  some  distance  above  the 
cutter;  a  bent  drip  pipe  with  a  stop-cock  in  it  may  be  used 
for  conveying  the  lubricant  to  the  top  of  the  cutter.  The 
rate  of  flow  is  then  adjusted  by  turning  the  stop-cock. 
Such  a  tank  is  furnished  with  most  milling  machines;  many 
machines  have  the  table  so  designed  as  to  catch  all  the 
drippings  and  chips.  The  lubricant  is  then  drained  off  into 
a  suitable  receptacle,  and  after  being  strained  or  otherwise 
purified,  it  may  be  used  again. 

8.  When  no  provision  has  been  made  for  catching  the 
drippings,  a  suitable  drip  pan  may  be  placed  under  the 
work.  Such  a  drip  pan  may  easily  be  made  from  a  piece  of 
sheet  tin,  bent  up  to  form  a  box.  A  piece  of  brass  wire 
gauze  having  about  GO  meshes  to  the  inch  may  be  soldered 
to  a  frame  placed  into  the  drip  pan,  so  that  the  gauze  is 
about  1  inch  above  the  bottom  of  the  pan.  This  will  strain 
the  lubricant  automatically  to  a  fairly  satisfactory  extent; 
as  soon  as  the  drip  pan  is  full,  the  strainer  with  the  chips  is 
lifted  off  and  the  strained  lubricant  poured  into  the  tank. 
After  the  lubricant  has  been  used  a  number  of  times,  it 
requires  straining  in  some  more  efficient  manner. 

9.  By  Pumping:- — A  constant  stream  of  lubricant  will 
not  only  keep  the  cutter  sharp  for  a  greater  length  of  time, 
but  will  also  wash  the  chips  out  of  the  cutter.     This  fact 
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has  gradually  become  so  well  recognized  that  it  is  becom- 
ing quite  universally  the  practice  to  pump  the  lubricant  on 
the  cutter  in  a  constant  stream  under  a  light  pressure.  As 
a  general  rule  the  pump  used  is  a  rotary  force  pump,  which 
is  driven  directly  from  some  rotating  part  of  the  machine. 

10«  Fig.  1  shows  the  arrangement  adopted  by  one 
manufacturer  for  a  machine  intended  for  fairly  heavy  mill- 
ing.    In  the  illustration  a  rotary  pump  a  is  shown  attached 


Fig.  1. 


to  the  frame  of  the  machine.  This  pump  is  driven  by  a 
belt  from  the  countershaft  b^  which  is  carried  by  a  bracket 
bolted  to  the  frame.  The  suction  end  of  the  pump  connects 
with  the  tank  c  holding   the   lubricant,  which  is  pumped 
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through  the  pipe  system  d  d  and  is  delivered  directly  on 
the  cutter.  In  order  to  accommodate  different  sizes  and 
positions  of  the  cutter,  the  upper  part  of  the  piping  has 
swivel  joints  and,  hence,  can  be  arranged  to  deliver  the 
lubricant  where  it  will  be  most  effective.  The  quantity  of 
lubricant  that  is  discharged  can  be  regulated  by  the  stop- 
cock e.  The  pump  a  runs  at  a  constant  speed  and  conse- 
quently delivers  a  constant  volume  of  lubricant.  When 
less  than  this  quantity  is  used,  the  rising  of  the  pressure  in 
the  pipe  system  will  open  the  relief  valve  _/",  and  the  excess 
will  pass  back  into  the  tank.  In  the  machine  shown,  a 
gutter  extends  around  the  table,  from  which  the  lubricant 
drains  into  the  trough  g,  and  then  through  the  flexible  tu- 
bing h  back  to  the  tank.  It  is  thus  seen  that  the  lubricant 
is  used  over  and  over  again;  the  only  lubricant  lost  is  that 
adhering  to  the  chips,  but  a  large  percentage  of  this  can  be 
recovered  if  a  separator  is  available. 

11.  When  the  lubricant  is  supplied  in  a  constant 
stream,  it  is  well  to  discharge  it  as  close  to  the  cutter  as  cir- 
cumstances permit,  in  order  to  prevent  splashing;  it  should 
be  delivered  preferably  in  such  a  direction  that  the  issuing 
stream  will  tend  to  wash  the  chips  out  of  the  cutter  and 
away  from  the  cuts, 

12.  Interaally  Lubricated   Cutter, — The   advan- 
'.  tages  to  be  derived  from  a  forced  system  of  lubrication  so 


applied  as  to  effectively  clear  the  cutter  have  led  to  the 
design  of  internally  lubricated  cutters.  Such  a  cutter, 
patented  by  the  Newton  Machine  Tool  Works,  is  shown  in 
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Fig.  2.  Referring  to  the  figure,  the  arbor  a  is  seen  to  have 
a  central  hole  drilled  into  it;  this  hole  extends  nearly  to  the 
plane  of  the  shoulder  against  which  the  cutter  is  clamped. 
A  number  of  radjal  holes,  as  b^  b,  are  drilled  through  the 
arbor,  and  hence  the  recess  within  the  cutter  c  is  in  com- 
munication with  the  central  hole  of  the  arbor.  A  number  of 
holes,  as  d,  d^  are  drilled  in  the  clearance  spaces  through 
the  shell  of  the  cutter.  The  lubricant  is  pumped  through  a 
tube  e  into  the  arbor  and  issues  in  fine  streams  through  the 
holes  d^  rf,  thus  effectually  clearing  the  cutter  of  chips  and 
applying  the  lubricant  where  it  is  most  needed,  that  is, 
directly  to  the  cutting  edges.  The  end  of  the  arbor  is 
tapering,  and  fits  a  tapered  hole  of  the  stationary  bushing/", 
which  is  placed  in  the  outboard  bearing.  This  construc- 
tion allows  the  arbor  to  revolve,  but  prevents  any  escape  of 
the  lubricant  except  through  the  radial  holes  in  the  arbor. 


SELECTION  OF  CUTTER. 


CONDITIONS  GOVERNING  THE  CHOICE. 

13.  The  selection  of  a  cutter  for  a  job  is  a  matter 
that  depends  not  only  on  the  nature  of  the  work,  but  also 
on  the  construction  of  the  machine,  the  attachments  to 
the  machine,  the  rigidity  of  the  work  itself,  the  manner 
in  which  it  can  be  or  is  held,  and  the  cutters  that  are  avail- 
able. For  instance,  if  a  large  surface  of  a  rather  springy 
casting  is  to  be  finished  by  milling,  it  will  often  he  out  of 
the  question  to  use  a  wide  cylindrical  plain  cutter,  because 
the  pressure  of  the  cutting  operation,  even  with  a  very  fine 
cut,  may  be  sufficient  to  seriously  spring  the  work.  But,  if 
a  small  end  mill  is  used,  it  may  be  possible  to  make  a  very 
satisfactory  job  of  machining  the  casting. 

14.  Some  machines  are  so  constructed  that  only  side 
milling  cutters  can  be  used,  hence  the  operator  has  no  lati- 
tude at  all  in  the  choice  of  a  cutter.  Other  machines  have 
no  outboard  bearing  to  support  the  arbor;  it  would  be  a 
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mistake  to  select  a  wide  cylindrical  plain  cutter  for  finish- 
ing a  wide  plane  surface  in  such  a  machine,  since  the  spring 
of  the  arbor  even  under  a  very  light  cut  may  be  sufficient  to 
condemn  the  work.  In  such  a  case,  a  side  mill  or  end  mill 
would  probably  prove  satisfactory. 

1 5.  When  surfaces  parallel  to  the  line  of  motion  are  to 
be  finished  at  an  angle  to  each  other,  it  usually  becomes  a 
question  of  attachments,  cutters,  and  type  of  machine  avail- 
able. For  instance,  in  a  plain  milling  machine  it  may  be 
possible  to  do  the  job  only  by  the  use  of  angular  cutters;  in 
a  universal  milling  machine,  when  the  job  may  be  held 
between  centers,  it  might  be  done  by  a  cylindrical  plain 
cutter,  and  so  on. 

16.  When  the  choice  has  narrowed  down  to  a  certain 
type  of  cutter,  the  question  of  which  kind  of  the  chosen  type 
of  cutter  will  remove  the  most  stock  at  the  least  expense 
often  becomes  a  very  pertinent  one.  Suppose  that  it  has 
been  determined  that  a  cylindrical  plain  cutter  is  to  be  used. 
Then,  if  the  surface  is  narrow,  a  straight-tooth  cutter  should 
be  selected,  and  if  hoavy  milling  (i.  e.,  the  removal  of  a 
large  amount  of  stock)  is  required,  a  nicked  cutter  or  its 
equivalent  (an  inserted-tooth  cutter)  would  be  selected. 

17.  When  it  is  a  question  of  whether  a  plain  mill,  a  side 
mill,  or  an  end  mill  is  to  be  used,  it  is  to  be  observed  that 
for  side  milling  and  end  milling  less  power  is  usually  re- 
quired. Furthermore,  when  the  cutter  must  pass  over 
slender  or  pointed  parts  of  the  work,  there  is  less  springing 
and  less  breaking  pf  the  edges  with  a  side  cutter  or  end 
cutter  than  with  a  plain  cutter.  On  the  other  hand,  the 
plain  cutter  will  usually  produce  the  work  in  less  time,  and 
is  the  one  to  use  when  other  circumstances  permit  it. 

18.  Considering  now  the  case  of  grooving,  when  the 
groove  is  straight,  it  can  usually  be  cut  cheapest  by  plain 
cutters,  slitting  cutters,  or  formed  cutters,  depending  on 
the  profile  of  the  groove.  When  the  groove  follows  a  heli- 
cal  path,  it  can  be  cut  by  an  end  mill,   a  form  cutter,  a 
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formed  cutter,  or  an  angular  cutter;  when  the  cross-section 
of  a  helical  groove  is  required  to  be  rectangular,  a  plain  mill- 
ing cutter  or  slitting  cutter  cannot  be  used,  but  an  end  mill 
must  be  employed  instead.  When  grooves  following  an  ir- 
regular path  are  to  be  cut,  an  end  mill  will  almost  invariably 
have  to  be  used,  although  it  may  be  possible  occasionally 
to  use  plain  mills  or  formed  mills  for  part  of  the  groove. 

From  the  foregoing  statements  it  will  be  seen  that  the 
selection  of  a  cutter  is  a  matter  of  judgment,  which  must  be 
based  on  practical  experience  with  different  milling  opera- 
tions. 


DIAMBTBR  OP  CUTTER. 

19.  The  diameter  of  the  cutter  has  an  appreciable 
influence  over  the  length  of  time  required  to  machine  a  sur- 
face.    As  a  general  rule,  it  may  be  stated  that  with  equal 


feeds  per  minute,  a  small  cutter  will  pass  over  a  surface  in 
less  time  than  a  large  cutter.     In  order  to  show  the  reason 
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for  this  statement,  Fig.  3  has  been  drawn;  it  shows  in  dia- 
grammatic form  the  positions  occupied  by  cutters  of  differ- 
ent diameters  when  they  begin  and  cease  to  cut.  Referring 
to  Fig.  3  {a),  let  a  be  the  surface  that  is  to  be  machined  by 
an  end  mill.  Let  the  circle  b  represent  the  diameter  of  one 
of  the  two  cutters  that  are  available,  and  let  c  be  the  diam- 
eter of  the  other.  Then,  at  the  beginning  of  the  cut  the 
cutters  will  be  in  the  positions  shown,  and  their  axes  will  be 
at  d  and  e.  Now,  in  order  tp  pass  clear  across  the  surface  ^, 
the  cutter  d  must  advance  to  d\  and  its  axis  will  then  be 
at  d'.  It  is  seen  that  the  length  of  the  path  of  d  is  equal  to 
the  distance  dd\  while  the  length  of  the  path  of  c  is  equal 
to  ee\  But,  ee'  is  much  greater  than  dd\  which  shows 
that  a  small  cutter  will  travel  over  a  shorter  distance  than  a 
large  cutter  in  order  to  pass  over  the  same  surface.  The 
same  statement  applies  to  plain  cutters,  angular  cutters, 
formed  cutters,  etc. 

20.  Referring  to  Fig.  3  (^),  assume  that  the  work  a  is 
to  be  milled  down  to  the  dotted  line  xy^  and  that  d  and  c 
show  the  diameter  of  two  plain  mills  when  set  to  begin  cut- 
ting. Then,  in  order  to  pass  across  the  work,  the  cutter  i 
must  travel  the  distance  dd\  while  the  cutter  ^must  travel 
the  distance  e  e\  which  is  greater. 

21.  A  person  must  not  fall  into  the  error  of  assuming 
from  the  foregoing  that  the  mere  fact  of  one  cutter  being 
smaller  than  the  other  means  in  itself  that  the  work  can  be 
machined  quicker  in  every  case  by  using  the  smaller  cutter, 
since  it  is  only  when  circumstances  permit  equal,  or  nearly 
equal,  rates  of  feed  per  minute  that  the  smaller  cutter  will 
have  the  advantage.  Under  these  conditions,  on  some 
classes  of  work  a  saving  as  high  as  10  per  cent,  may  be  ef- 
fected in  the  time  cost  by  the  difference  of  only  ^  inch  in  the 
diameters  of  the  cutters.  It  is  well  to  bear  in  mind  that 
the  saving  effected  by  the  use  of  the  smaller  cutter  is  pro- 
portionally greater  for  short  work  than  for  long  work.  Re- 
ferring to  Fig.  3  (a),  the  distance  saved  by  the  use  of  the 
smaller  cutter  is  ed+  d' e\     Evidently,  this  saving  for  the 
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given  difference  in  diameters  remains  constant,  no  matter 
what  the  length  of  the  work,  and  it  follows  from  this  that 
the  ratio  between  the  saving  effected  and  the  total  distance 
traveled  by  the  larger  cutter  becomes  less  as  the  total  dis- 
tance becomes  greater. 

22.  The  minimum  size  of  cutter  that  can  be  used  is 
naturally  governed  by  practical  considerations.  Thus,  in 
the  case  of  an  end  mill,  it  must  be  sufficiently  stiff  to  stand 
a  fair  cut  without  bending;  in  the  case  of  a  plain  mill,  the 
advisability  of  leaving  sufficient  stock  around  the  hole  of 
the  cutter  governs  its  smallest  permissible  size.  Again,  a 
short  cutter  can  usually  be  smaller  than  a  very  wide  cutter, 
since  the  stresses  to  which  the  cutter  is  subjected  by  the  cut- 
ting operation  will,  as  a  general  rule,  be  less  severe  with  a 
narrow  than  with  a  wide  cutter. 


LIMITATIONS    AND    ERRORS. 

23.  The  limits  within  which  work  can  be  milled  to  a 
given  size  largely  depend  on  the  construction  of  the  machine 
and  the  character  of  the  workmanship,  also  on  its  condition 
and  the  nature  of  the  work.  With  a  high-grade  machine  in 
first-class  condition,  and  using  sharp  cutlers  on  work  that  is 
rigidly  held,  many  jobs  can  readily  be  milled  within  a  very 
small  limit  of  variation,  say  yttVit  inch.  In  fact,  on  many 
classes  of  duplicate  work  done  in  large  quantities,  all  fitting 
can  be  entirely  done  away  with,  since  it  is  practicable  to 
mill  the  work  close  enough  for  a  fair  fit.  With  a  springy 
machine  in  poor  condition,  and  dull  cutters,  such  results 
cannot  be  obtained,  and  work  done  on  them  will  usually  call 
for  considerable  hand  fitting,  not  only  on  account  of  the 
greater  variation  in  the  size  but  also  on  account  of  the  poor 
quality  of  the  surfaces  produced  under  such  conditions. 

24.  It  is  not  possible  to  state  definitely  what  the  limit 
should  be  within  which  work  should  be  milled  to  a  given 
size.     This  limit  naturally  depends  on  the  purpose  of  the 
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work;  for  comparatively  rough  work,  as  milling  nuts,  bolt- 
heads,  the  squares  on  the  ends  of  taps  and  reamers,  etc.,  a 
limit  of  |o*,j-0-  inch  may  usually  be  considered  as  allowable. 
Work  that  is  milled  only  for  finish  can  often  vary  consider- 
ably from  its  true  size;  the  amount  allowable  must  obvi- 
ously be  determined  on  the  merits  of  each  case.  Parts  of 
sewing  machines,  typewriters,  firearms,  and  similar  fine, 
small  work  are  usually  finished  within  a  limit  of  joVt  i»^ch, 
although  some  parts  require  to  be,  and  can  be,  finished  within 
a  smaller-limit. 

25.  When  milling  large  work,  or  finishing  a  rather  wide 
surface  with  a  plain  mill,  it  is  not  always  possible  to  obtain  as 
close  an  approach  to  a  plain  surface  as  the  planer  tool  with 
its  single  cutting  edge  will  produce.  One  reason  for  this  is 
a  lack  of  rigidity  of  the  machine  used;  another  reason  may 
be  found  in  the  fact  that  with  a  milling  cutter,  the  pressure 
on  the  work  during  the  cutting  operation  is  many  times 
greater  than  in  the  case  of  the  planer  tool,  and,  hence, 
there  will  be  more  springing  of  the  work.  Furthermore, 
when  a  plain  cutter  is  beginning  to  take  a  chip  while  the 
work  is  fed  against  the  cutter,  the  pressure  is  at  first  in  line, 
or  nearly  so,  with  the  surface  of  the  work.  Now,  as  the 
tooth  doing  the  cutting  advances  upwards,  the  direction  of 
the  pressure  changes,  and,  being  upwards,  tends  to  lift  the 
work  from  its  fastenings.  This  change  in  the  direction  of 
the  pressure  is  naturally  most  marked  in  deep  cuts,  and  if 
the  work  yields  to  a  sensible  extent,  will  result  in  an  uneven 
surface. 

26.  In  a  planer,  shaper,  or  slotter,  however,  the  direc- 
tion of  the  pressure  never  changes,  and  since  its  intensity  is 
much  less  than  with  a  milling  machine,  it  follows  that  as 
far  as  large  plane  surfaces  are  concerned,  the  machine  tools 
first  mentioned  can,  in  general,  be  better  relied  on  to  pro- 
duce them.  As  a  matter  of  course,  with  a  very  rigid 
machine  especially  designed  for  surface  milling,  and  with 
work  so  rigid  that  deflection  will  be  so  small  as  to  be  insen- 
sible,   a   very   close   approach   to   a  plane  surface   can   be 
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obtained  by  milling;  in  general,  however,  it  will  be  found 
that  the  planer  has  slightly  the  advantage.  For  this  reason, 
it  is  customary  in  some  places  to  rough  out  the  surfaces  of 
heavy  work  on  some  suitable  form  of  a  milling  machine, 
and  then  to  transfer  the  work  to  a  planer,  where  it  is  finished 
by  planing.  This  will,  in  many  cases,  be  more  economical 
than  planing  the  whole  job,  since  with  a  properly  designed 
and  handled  milling  machine,  the  roughing  out  can  usually 
be  done  at  a  fraction  of  the  cost  of  planing.  While  it  must 
be  conceded  that  at  present  the  planer  has  slightly  the 
advantage  so  far  as  truth  of  large  surfaces  is  concerned,  it 
can  be  confidently  predicted  that  in  the  course  of  time,  by 
the  advent  of  more  rigid  milling  machines,  its  superiority 
will  not  only  disappear,  but  be  surpassed.  There  are  many 
heavy  milling  machines  built  today  that  under  favorable 
conditions  will  produce  true  plane  surfaces  as  well  as  the 
planer. 

27.  The  commercial  limits  to  the  field  of  usefulness  of 
the  milling  machine  are  not  known,  since  new  fields  for  it 
are  constantly  being  found.  While  it  will  probably  never 
entirely  supersede  the  planer,  shaper,  or  slotter,  it  can  safely 
be  predicted  that  it  will  more  and  more  take  their  place  for 
a  large  variety  of  work  as  the  machine  becomes  better 
developed  and  understood. 


HOLDING  WORK. 


GENERAL  PRINCIPLES. 

28.  The  work  may  be  held  in  the  milling  machine  by 
attaching  it  directly  to  the  table,  by  holding  it  in  a  vise,  by 
holding  it  between  centers,  or  in  a  chuck  or  on  an  arbor 
attached  to  the  index  head,  and,  finally,  by  means  of  special 
fixtures.  No  matter  in  what  manner  the  work  is  held, 
there  are  certain  conditions  that  must  be  fulfilled  in  order 
that  the  machining  can  be  done  successfully.     Ftrsi^  the 
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work  must  be  held  so  rigid  that  it  cannot  slip  under  the 
pressure  of  the  cutting  operation;  second^  it  must  not  be 
deformed  by  the  clamping;  thirds  it  must  be  so  supported 
by  suitable  means  that  it  will  not  deflect  either  under  its 
own  weight  or  the  pressure  of  the  cut;  fourth^  it  must  be 
lined  up  properly  so  that  the  machining  will  take  place  in 
the  required  direction. 


HOLDING  WORK  ON  TABLE. 

• 

29.  Holdina:  Devices. — If  circumstances  permit,  the 
best  way  of  holding  work  to  a  table  is  to  bolt  it  directly 
to  it,  using  bolts  with  low  heads  that  will  slip  into  the 
T  slots  of  the  table.  When  this  cannot  be  done,  clamps 
must  be  Used.  Owing  to  the  fact  that  the  pressure  due 
to  the  cutting  operation  is  usually  much  larger  than  is 
the  case  in  planer  work,  the  work  must  be  held  much 
tighter  to  prevent  its  slipping,  and,  hence,  in  general,  the 
clamps  should  be  more  rigid  and  the  bolts  heavier  than 
would  be  required  for  the  same  job  on  the  planer.  Further- 
more, a  positive  stop  or  stops  should  be  used  whenever 
feasible.  If  the  table  has  holes  in  it,  pins  similar  to  planer 
pins  may  be  used ;  in  the  absence  of  holes,  a  bar  can  usually 
be  bolted  directly  to  the  table  to  form  a  stop,  and  the  work 
can  then  be  pushed  against  it.  Considerable  ingenuity  will 
often  be  required  to  so  clamp  the  work  that  there  is  no 
danger  of  its  slipping,  especially  in  vertical  milling  machines 
when  the  work  that  is  attached  to  the  table  is  intended  to 
be  machined  all  around  its  circumference  in  one  setting. 
In  such  a  case,  there  will  be  a  tendency  to  rotate  the  work, 
which  tendency  must  be  counteracted  either  by  the  friction 
caused  by  clamping  or  by  stop-pins. 

30.  The  general  character  of  the  clamps,  pins,  screw 
pins,  toe  dogs,  and  similar  clamping  devices  used  does  not 
differ  in  any  essential  particular  from  that  of  the  corre- 
sponding devices  used  in  planer  work.  Neither  is  there  any 
difference  as  far  as  their  application  is  concerned,  except 
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that  more  attention  must  usually  be  paid  to  supporting  the 
work  on  a  milling  machine  than  is  required  for  a  planer. 

31.     Construction  of  Rotary  Planer. — An  example 

of  how  work  niay  be  clamped  to  a  milling-machine  table  is 
given  in  Fig.  4.  In  this  case,  the  machine  used  belongs  to 
a  type  designed  especialiy  for  producing  flat  surfaces  by  the 
use  of  a  large  side  milling  cutter.  Such  machines  are 
commonly  called  rotary  planers.  In  the  machine  shown, 
the  bed  a  has  flat  ways  on  top  to  which  the  saddle  b  is  fitted. 
The  saddle  carries  the  spindle  and  cutter,  which  are  driven 
by  gearing  from  the  belt  pulley  c.  A  suitable  feed  arrange- 
■ment  allows  the  saddle  to  be  moved  along  the  bed  either  by 


hand  or  automatically;  most  machines  have  adjustable  tap- 
pets by  means  of  which  the  feed  can  be  stopped  at  a  pre- 
determined point.  As  far  as  adjusting  the  cutter  for  the 
proper  depth  of  cut  is  concerned,  practice  varies.  In  some 
machines,  the  spindle  and  cutter  are  movable  axially  to  a 
limited  extent,  while  in  others,  the  table  can  be  moved  in 
a  direction  parallel  to  that  of  the  spindle.  Both  designs 
accomplish  the  same  thing  and  incidentally  show  that  fre- 
quently there  are  a  number  of  different  ways  of  performing 
the  same  operation.  In  the  particular  machine  shown,  the 
table  is  moved  by  means  of  a  feed-screw  operated  by  the 
handle  d. 
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32«  Lrinios  the  Work. — The  work  ^  is  a  large  bracket ; 
it  is  intended  to  machine  the  surface  toward  the  bed  so  as 
to  be  at  right  angles  to  the  surface  that  rests  upon  the 
table.  Now,  in  rotary  planers,  and  also  in  nearly  all  mill- 
ing machines,  except  those  of  the  vertical  type,  and  in  some 
special  machines,  the  axis  of  the  spindle  is  parallel  to  the 
surface  of  the  table/*;  and  since  aside  cutter  produces  a* 
surface  at  right  angles  to  the  axis  of  the  spindle,  it  follows 
from  the  construction  of  the  machine  that  if  one  surface  of 
the  bracket  e  rests  upon  the  table,  the  other  surface  will  be 
machined  at  right  angles  to  it. 

33.  When  it  is  required  that  the  surface  about  to  be 
machined  is  to  be  at  right  angles  to  the  surface  e\  the  work 
must  be  fastened  in  the  proper  position  to  accomplish  this. 
If  the  edge  of  the  table  that  is  toward  the  bed  is  parallel 
to  the  line  of  motion  of  the  saddle,  as  is  usually  the  case,  a 
try  square  may  be  used  for  lining  up  the  work.  The  stock 
of  the  square  is  then  placed  against  the  edge  of  the  table 
and  the  casting  is  shifted  until  its  surface  e^  touches  the 
blade  of  the  square  throughout  its  length.  In  many  cases, 
it  will  be  possible  to  set  work  square  by  placing  the  stock 
of  the  try  square  against  the  edge  a!  of  the  bed,  which 
naturally  is  parallel  to  the  line  of  motion  of  the  saddle, 
since  it  is  a  part  of  the  ways  on  which  the  saddle  slides. 
Work  may  be  set  parallel  to  the  line  of  motion  by  the  aid  of 
inside  calipers  applied  between  a*  and  the  work.  When  this 
cannot  be  done,  the  milling  cutter  itself  may  be  used  for 
testing  the  setting  by  having  it  first  in  the  position  shown 
and  measuring  the  distance  between  some  tooth  and  the 
work.     The  saddle  is  then  fed  along  the  bed  until  the  tooth 

« 

selected  for  testing  is  near  the  left-hand  edge  of  the  work; 
its  distance  from  the  work  is  then  measured,  and  if  the  two 
measurements  agree,  the  work  is  correctly  set.  It  will  be 
understood  that  the  cutter  must  not  be  in  motion  during  the 
process  of  testing. 

34.  Clamping  the  Work. — A  job  of  the  nature  shown 
in  the  illustration  would  most  likely  be  clamped  by  using 


16  MILLING-MACHINE  WORK.  §  14 

bolts  and  clamps,  as  g^  g.  These  clamps  may  have  one  end 
bent  to  obviate  the  use  of  blocking,  or  they  may  be  straight, 
in  which  case  they  must  be  blocked  up.  With  the  cutter 
revolving  in  the  direction  of  the  arrow  x^  the  pressure  of 
the  cut  will  tend  to  shift  the  work  in  the  direction  of  the 
arrow  J/;  for  this  reason,  a  stop  h  is  bolted  to  the  table  and 
•  against  the  surface  ^  of  the  work.  The  stop  is  simply  a 
strap  having  two  holes  in  it ;  bolts  are  slipped  into  a  T  slot 
in  the  table  and  pass  through  the  holes  of  the  strap,  which 
is  clamped  by  tightening  the  nuts  on  the  bolts.  It  will  be 
obst^,r\^d  that  the  strap  is  held  from  slipping  by  friction  only; 
it  is  wise  for  this  reason  to  place  a  piece  of  manila  paper  be- 
tween the  table  and  the  strap,  since  experience  has  shown 
that  this  will  greatly  increase  the  resistance  to  slipping.  If 
the  table  has  holes  in  it  for  the  reception  of  pins,  it  is  better 
to  use  pins  for  stops,  since  they  cannot  slip. 

35.  Use  of  Angrle  Plate  for  Plain  Millins:  Ma- 
chine. — Fig.  5  is  an  example  of  how  a  job  may  be  clamped 
to  the  table  of  a  plain  milling  machine  of  the  pillar  type, 
using  an  angle  plate  to  hold  the  work  square  with  the  table. 
In  this  case,  the  work  a  is  a  sliding  table  for  a  machine  tool ; 
it  has  a  dovetailed  bottom  that  is  to  be  accurately  machined 
so  that  the  bottom  surfaces  are  parallel  to  the  top.  A  little 
study  will  show  that  with  this  type  of  a  machine,  the  mill- 
ing can  be  done  only  with  end  mills  and  an  angular  mill 
fastened  to  a  shank,  if  the  whole  bottom  is  to  be  finished  in 
one  setting,  which  is  necessary  if  all  surfaces  of  the  bottom 
are  to  be  correctly  machined.  This  means  that  the  work 
must  be  set  up  on  edge,  and  since  it  would  have  but  a  very 
small  bearing  on  the  milling-machine  table,  an  angle  plate  b 
can  be  advantageously  used  to  insure  that  the  bottom  will 
be  milled  parallel  to  the  top,  and  also  to  steady  the  work. 
Since  the  work  has  T  slots  in  it,  bolts  can  be  slipped  into 
these;  they  are  then  passed  through  the  slots  of  the  angle 
plate  in  order  to  bolt  the  work  to  it.  In  case  the  angle 
plate  has  no  slots  that  will  come  opposite  the  slots  in  the 
work,   the  latter  could  be  attached  by  bolts  and  clamps  to 
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the  angle  plate.  The  work  is  held  down  on  the  milling- 
machine  table  by  the  clamps  c^  c^  the  rear  ends  of  which 
rest  on  packing  blocks  rf,  d.     The  pressure  of  the  cutting 


PlO.  6. 


operation  in  this  case  tends  to  overturn  the  work  and 
also  to  slide  it  along  the  milling-machine  table;  the  first 
tendency  is  resisted  by  the  angle  plate  and  the  second  by 


18  MILLING-MACHINE  WORK.  §  14 

the  stops  e,  e^  which  are  bolted  to  the  table  in  contact  with 
the  ends  of  the  work. 

36.  Lining:  the  Work. — Lining  the  work  is  accom- 
plished, in  this  case,  by  a  proper  lining  up  of  the  angle  plate. 
Since  the  surface  of  the  milling-machine  table,  in  all  ma- 
chines of  the  type  shown,  is  parallel  to  the  axis  of  the 
spindle,  the  surface  of  the  angle  plate  that  is  toward  the 
spindle  will  be  at  right  angles  to  the  axis,  if  the  plate  is 
bolted  directly  to  the  table;  consequently,  it  only  remains 
to  line  up  the  plate  parallel  to  the  line  of  motion  of  the 
table.  This  can  be  done  by  the  aid  of  some  suitable  tool 
with  a  blunt  point  that  is  held  in  the  spindle.  Run  out  the 
table  until  the  marking  point  is  near  one  edge  of  the  angle 
plate,  say  the  right-hand  one ;  then,  by  means  of  the  cross- 
feed  screw  in  the  knee,  move  the  table  toward  the 'mark- 
ing point  until  a  piece  of  paper  will  just  be  nipped  between 
the  marking  point  and  angle  plate.  Now  run  the  table 
back  until  the  marking  point  is  near  the  left-hand  edge 
of  the  angle  plate  and  see  if  the  paper  will  be  nipped  again. 
If  this  is  not  the  case,  it  shows  that  the  angle  plate  must  be 
shifted ;  after  each  shifting,  the  setting  must  be  tested  again 
in  the  same  manner. 

37.  Testing  the  Setting  of  Work.  —  In  milling 
machines  arranged  for  plain  or  angular  milling,  as  in  the 
machine  shown  in  Fig.  5,  the  setting  of  work  may  be 
tested  for  parallelism  with  the  surface  of  the  table  by  means 
of  a  surface  gauge,  which  is  used  exactly  as  in  planer  work. 
When  for  any  reason  a  surface  gauge  cannot  be  employed, 
a  scriber  may  be  clamped  between  the  washers  of  the 
milling-machine  arbor  and  used  for  testing  the  setting  by 
moving  the  table  under  it.  It  will  be  understood  that  the 
spindle  must  be  stationary  during  the  testing. 

38.  A  piece  of  work  of  the  nature  shown  in  Fig.  5 
could  have  been  set  quicker  in  a  vertical  milling  machine, 
since  in  such  a  machine  it  could  have  been  clamped  directly 
to  the  surface  of  the  table,  using  finger  clamps  inserted  in 
the  T  slots  of  the  work  for  holding  it. 
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30.  Holdlne  TO^ork  In  a  Vertical  Mllline  Ma- 
cblne. — Fig.  ti  is  an  example  of  how  work  may  be  clamped 
to  the  table  ^  of  a  vertical  milling  machine  when  it  is  re- 
quired to  machine  the  circumference  of  the  work.  In  this 
case,  the  job  is  the  strap  for  a  steam-engine  connecting-rod 
that  is  to  be  milled  with  a  cylindrical  end  mill  a.     In  order 


that  the  end  of  the  mill  may  clear  the  table,  the  w  jrk  c  is 
placed  on  two  parallel  blocks  b,  b,  which  raise  its  bottom 
above  the  table.  Short  clamps  d,  d  are  placed  on  top  of 
the  strap  over  the  clamping  bolts,  which  have  previously 
been  inserted   in  the  T  slots  of  the  table.     The  outside  of 
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the  strap  can  easily  be  finished  by  milling  without  chan- 
ging the  setting.  After  the  outside  is  finished,  clamps  may 
be  applied  from  the  outside  before  the  inside  clamps  are  re- 
moved ;  when  these  outside  clamps  have  been  tightened,  the 
inside  clamps  d^  d  are  removed.  By  proceeding  in  this 
manner,  the  setting  of  .the  work  will  not  be  changed  and 
the  inside  of  the  strap  will  be  left  clear  for  milling. 

The  straight  surfaces  of  the  strap  are  finished  by  using 
the  regular  feeds;  the  curved  end  must,  however,  be  fin- 
ished by  working  both  feeds  simultaneously  by  hand,  cutting 
to  a  line  previously  drawn  on  the  top  surface  of  the  strap, 
which  line  shows  the  edges  of  the  work  when  finished. 

40.  When  a  job  is  held  to  the  table  in  such  a  manner  that 
it  can  be  machined  all  around  its  circumference,  it  will 
usually  be  a  rather  difficult  matter  to  provide  positive  stops 
that  will  prevent  shifting,  and  the  friction  created  in  clamp- 
ing must  be  relied  on.  It  may  be  stated  as  a  general  rule, 
that  whenever  it  is  possible  to  use  positive  stops,  it  is  advisa- 
ble to  do  so.  When  friction  alone  prevents  slipping,  lighter 
cuts  and  lighter  feeds  must  be  used,  and  special  care  is  re- 
quired in  starting  the  cut. 

41*     Construction  of  a  Vertical  MillioK  Machine* 

The  vertical  milling  machine  shown  in  Fig.  6  is  one  of  the 
many  designs  in  the  market.  The  table  e  is  arranged  to  be 
fed  in  two  horizontal  directions  at  right  angles  to  each  other; 
its  level  is  fixed.  The  spindle  f  is  adjustable  in  a  vertical 
direction,  and  a  good  support  close  to  the  cutter  is  provided 
by  making  the  headstock  g  adjustable.  The  table  is  pro- 
vided with  an  automatic  feed  in  both  directions;  the  feed- 
shaft  h  is  driven  by  belting  it  to  a  pulley  on  the  spindle  f 
and  carries  a  small  friction  wheel  that  is  in  contact  with  the 
feed-disk  i  and  rotates  it  by  friction.  The  friction  wheel  on 
the  feed-shaft  is  fitted  in  such  a  manner  that  it  can  be  moved 
along  the  shaft,  and,  consequently,  its  position  in  regard  to 
the  center  of  the  disk  /  may  be  varied.  Since  the  rate  at 
which  the  feed-disk  revolves  depends  directly  on  the  dis- 
tance of  the  friction  wheel  from  the  center  of  the  disk,  it 
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follows  that,  by  moving  the  friction  wheel  to  different  posi- 
tions, the  rate  of  feed  is  varied,  and  by  shifting  it  past  the 
center  of  the  feed-disk,  the  feed  is  reversed. 

42.  Some  verticaj  milling  machines  have  a  removable 
bottom  bearing  for  the  end  of  the  spindle;  this  corresponds 
to  the  outboard  bearing  of  the  horizontal  milling  machine 
and  serves  the  same  purpose.  The  vertical  milling  machine 
cannot  be  said  to  be  able  to  do  work  that  cannot  be  done  on 
the  horizontal  type  of  machine ;  it  is  more  convenient,  how- 
ever, for  work  that  requires  to  be  finished  with  end  mills, 
since  the  work  is  in  plain  sight.  The  job  shown  in  Fig.  6 
might  have  been  done  in  the  machine  shown  in  Fig.  5  by 
strapping  it  to  an  angle  plate;  it  would  not  have  been  in  as 
plain  sight,  however.  .  While  the  vertical  milling  machine 
shown  is  a  plain  machine, 'it  is  also  built  as  a  universal 
machine. 

43.  The  peculiar  advantage  of  the  vertical  machine  for 
some  work,  as  far  as  having  the  cut  in  plain  sight  is  con- 
cerned, has  led  to  the  design  of 

special  attachments  for  convert- 
ing a  horizontal  machine  tem- 
porarily into  a  vertical  spindle 
machine.  Such  attachments  are 
supplied  by  all  the  makers  of 
milling    machines    on    regular  ^^^  ^ 

orders,    and   are   a   convenient 

makeshift  for  some  work,  as,  for  example,  the  job  shown  in 
Fig.  7.  This  piece  of  work  requires  to  have  its  top  surface 
and  all  the  surfaces  of  the  recess  finished  by  milling.  If  a 
vertical  spindle  machine  is  available,  it  should  be  chosen  for 
doing  the  job;  in  the  absence  of  one,  a  vertical  milling 
attachment  may  be  used  on  a  horizontal  machine.  When 
no  such  attachment  is  available  for  a  horizontal  machine, 
the  work  must  be  fastened  to  an  angle  plate. 

44.  Lrining  tlie  Work. — When  it  is  required  that  the 
top  surface  of  a  job  be  finished  parallel  to  the  surface  of  the 
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milling-machine  table,  its  setting  in  most  cases  is  most  con- 
veniently tested  with  a  surface  gauge.  When  the  sides  of 
work  are  to  be  lined  up  parallel  with  either  direction  of 
motion  of  the  table,  the  setting  may  be  tested  with  a  pointer 
clamped  to  the  spindle,  traversing  the  work  along  the 
pointer. 

In  some  cases  a  large  try  square  may  be  used;  in  that 
case,  the  blade  may  be  applied  to  the  work  while  the  stock 
is  placed  against  one  of  the  edges  of  the  table,  which  are 
usually  made  exactly  parallel  to  the  line  of  motion  for  this 
very  purpose. 

45.  A  Double-Headed  Machine. — Fig. '8  is  an  ex> 
ample  showing  how  work  may  be  held  on  the  table  of  a 
machine  that  resembles  a  planer  in  some  respects.     This 


particular  machine  is  of  the  multispindle  type,  having  two 
independently  adjustable  spindles  a  and  b,  which,  however, 
can  be  used  for  driving  an  arbor  c  from  both  ends,  as  is  done 
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in  this  case.  The  work  d  is  a.  side  rod  for  a  locomotive, 
which  is  to  be  milled  out  between  the  ends  to  an  I  section. 
The  cut  that  is  taken  is  quite  heavy,  being  about  4J  inches 
wide,  1^  inches  deep,  and  feeding  at  the  rate  of  2  inches 
per  minute.  In  consequence  of  this,  the  pressure  of  the 
cutting  operation  that  tends  to  slide  the  work  along  the 
table  is  quite  heavy.  In  this  case,  movement  of  the  work 
is  prevented  by  letting  it  butt  against  an  angle  plate  ^,  which 
is  bolted  to  the  table  at  the  rear,  and  which,  in  turn,  is  pre- 
vented from  shifting  by  struts  that  are  placed  between  it 
and  the  end  of  the  table.  Owing  to  the  view  taken,  these 
struts  cannot  be  seen.  The  work  is  held  down  on  the  table 
by  bolts  and  clamps  placed  at  each  end;  the  clamp  /"at  the 
front  end  can  be  plainly  seen  in  the  illustration.  Jacks  ^,  ^, 
each  of  which  has  two  setscrews,  are  bolted  to  the  table 
and  are  used  for  adjusting  and  confining  the  work  sidewise. 
A  double-headed  machine,  like  the  one  shown,  is  well 
adapted  for  finishing  two  surfaces  parallel  to  each  other  in 
one  passage  of  the  work  past  the  cutters. 

46.  Clamping  'Work  for  Groovlns^. — Fig.  9  (a)  shows 
how  cylindrical  work  may  be  held  on  the  table  of  a  horizon- 
tal milling  machine  when  a  slot  or  groove  is  to  be  milled  in 
it  in  line  with  the  axis  of  the  work.  A  milling-machine 
strip  a,  which  has  a  tongue  a'  at  the  bottom,  is  bolted  to  the 
table  with  the  tongue  in  one  of  the  T  slots.  The  surface  a" 
of  the  strip  is  machined  parallel  to  the  line  of  motion  of  the 
table,  hence,  any  work  placed  against  it  is  parallel  to  the 
line  of  motion.  Persons  familiar  with  planer  work  will 
recognize  the  milling-machine  strip  as  the  device  known  as 
a  planer  strip ^  which  is  constructed  in  the  same  manner  and 
serves  the  same  putpose. 

Let  ^  be  a  shaft  in  which  a  keyway  (shown  in  dotted  lines 
at  the  top)  is  to  be  cut  throughout  its  whole  length.  Then, 
evidently,  the  clamps  must  be  clear  of  the  cutter  and, 
hence,  must  be  placed  about  in  the  position  shown.  When 
the  clamp  is  tightened  on  the  work,  the  pressure  will  be 
exerted  along  a  line  as  c  d^  so  that  the  shaft  will  be  held  to 
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the  table  and  against  the  milling-machine  strip  at  the  same 
time.  In  consequence  of  the  direction  in  which  the  pressure 
acts,  the  clamp  tends  to  slip  in  the  direction  of  the  arrow  x; 
if  the  clamp  used  is  a  U  clamp,  it  will  simply  slide  off. 
From   this  it  follows  that  a  clamp  with  a  hole  to  fit  the 


clamping  bolt  must  be  used.  With  such  a  clamp,  the  slip- 
ping is  resisted  only  by  the  resistance  of  the  clamping  bolt 
to  bending;  if  this  bolt  is  short  and  stiff,  it  will  usually  be 
sufficient,  but  if  it  is  rather  long,  as  must  be  the  case  when 
the  diameter  of  the  work  is  large,  it  will  bend. 
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47.  Fig.  9  {b)  shows  how  the  clamp  may  be  constructed 
to  prevent  it  from  slipping  back.  The  clamp  is  bent  and 
made  of  such  a  length  that  its  rear  end  ^  will  catch  the  edge 
of  a  T  slot.  Fig.  9  {c)  shows  a  way  of  accomplishing  the 
same  thing  by  the  use  of  a  special  packing  block  e,  which 
has  a  projection  on  it  to  prevent  the  clamp  from  moving, 
and  is  bolted  to  the  table.  The  block  may  be  adjusted 
for  different  heights  of  work  by  turning  the  setscrew  /; 
the  rear  end  of  the  clamp  rests  on  the  head  of  this  set- 
screw. 

48.  Adjustable  Packing  Block. — Fig.  10  is  a  sug- 
gestion of  how  a  shaft  that  is  to  be  splined  may  be  held  for 
milling  with  an  end  mill  in  a  horizontal  machine,  or  with  a 
slotting  cutter  in  a  vertical  machine.  The  shaft  d  is  placed 
in  one  of  the  T  slots  of  the  table,  the  edges  of  which,  being 
parallel  to  the  line  of  motion,  will  line  the  shaft  properly. 
The  packing  block  a  is  adjustable  for  height,  being  made  in 


Fig.  10. 

two  parts  that  are  duplicates  of  each  other,  and  with  saw 
teeth  of  about  ^-  to  :J^-inch  pitch  on  their  inclined  sides. 
This  style  of  packing  block  is  very  little  known  at  present; 
it  will  be  found  one  of  the  most  useful  articles  for  the  mill- 
ing machine,  planer,  drill  press,  etc.,  when  much  work  is 
to  be  held  by  clamps.  When  work  is  held  in  the  manner 
shown  in  Fig.  10,  there  is  no  tendency  for  the  clamp  to 
slip  off  in  clamping,  hence,  U  clamps  may  be  used  to 
advantage. 
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HOLDING  WOBK  IN  THE  VISE. 

49.  Purpose  of  the  Viae. — The  vise  used  in  milling- 
machine  work  is  intended  for  holding  small  work  having  two 
parallel  surfaces,  and  can  only  be  used  for  other  work  by 
substituting  special  jaws  for  the  regular  ones.  Milling- 
machine  vises  are  made  in  various  ways  by  the  different 
makers;  when  the  machine  is  used  only  for  plain  milling, 
the  vise  is  usually  made  so  that  it  can  be  placed  on  the 


machine  either  with  its  jaws  in  line  or  at  right  angles  to  the 
direction  of  motion  of  the  table,  but  not  at  any  other  angle. 
Such  a  vise  is  called  a  plain  vise,  and  is  most  frequently 
used  with  plain  milling  machines,  as,  for  instance,  the 
so-called  Lincoln  type  of  machine  shown  in  Fig.  11,  which  is 
intended  especially  for  vise  milling  on  duplicate  work  done 
in  large  quantities. 

50.     Construction  of  tlie  Lincoln  Miller. — The  dis< 
tinguishing  feature  of  the  Lincoln  type  of  machine  is  a 
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vertically  adjustable  horizontal  spindle  b  and  a  correspond- 
ing  outboard  bearing  d.  The  tabic  a  is  movable  both  in  line 
with,  and  at  right  angles  to,  the  spindled;  the  plain  visef  is 
rigidly  bolted  to  the  table  (with  its  jaws  parallel  to  the  axis 
of  the  spindle  in  this  case).  The  Lincoln  type  of  machine 
is  especially  adapted  for  short  cuts  on  work  that  can  be  held 
in  a  vise,  or  in  any  fixture  that  is  the  equivalent  of  a  vise,  and 
is  capable,  with  proper  handling,  of  doing  very  accurate 
work  of  the  class  it  is  intended  for,  since  the  design  allows 
a  very  compact,  rigid,  and  comparatively  inexpensive  ma- 
chine. Machines  of  this  design  are  largely  used  in  type- 
writer, sewing-machine,  and  armory  work. 

51.     Swrlvel  Vise. — For  general  work,  milling-machine 
vises  are,  usually  constructed  with  a  swivel  base,   and  are 
then     called     swrivel 
vises.     One   design   of  ' 
such  a  vise  is  shown  in 
Fig.   12   (a).     It  has   a 
movable    jaw  a   and    a 
fixed  jaw  b;  the  jaw  a 
can    be   set    up  by  the 
screw    £    and   crank 
handle  d.     The  base  is 
circular  and  graduated 

into  degrees;  it  can  be  '* 

swiveled  around  on  the 
subbase  ^  and  clamped 
to  it  in  any  position. 
This  subbase  is  bolted 
to  the  milling-machine 
table;  it  usually  has 
tongues  that  fit  a  T 
slot   of    the    table   and 

insure  that  a  zero  mark  «. 

on  the  subbase  is  in  line 

PlO.  11. 

with .  one,  and  at  right 

angles  to  the  other,  direction  of  motion  of  the  table.     The 
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graduation  on  the  base  of  the  vise,  as  a  general  rule,  is  so 
placed  that  when  its  zero  coincides  with  the  zero  mark  of 
the  subbase,  the  jaws  will  be  in  line  with  the  spindle.  Con- 
sequently, the  reading  of  the  graduation  indicates  the  angle 
included  between  the  vise  jaws  and  the  axis  of  the  spindle. 

52.  In  a  regular  milling-machine  vise,  the  vertical  sur- 
face of  the  jaws  is  always  exactly  at  right  angles  to  the  sur- 
face of  the  table;  consequently,  if  any  work  is  held  between 
the  jaws,  its  top  surface  will  be  milled  square  with  the  sides  in 
contact  with  the  vise  jaws  when  a  cut  is  taken  in  a  direction 
across  the  jaws,  and  the  measurement  is  made  in  the  direc- 
tion of  the  cut. 

53.  The  milling-machine  vise  is  used  in  the  same  man- 
ner as  in  planer  work,  and  the  same  appliances  and  methods 
are  employed  for  lining  up  the  work  and  holding  it  fairly 
against  the  fixed  jaw.  It  must  always  be  remembered,  how- 
ever, that  the  pressure  of  the  cutting  operation  is  much 
greater  in  milling-machine  work;  for  this  reason,  the  vise 
must  be  clamped  very  solidly  to  the  bed,  and  in  case  a 
cut  is  taken  parallel  to  the  vise  jaws,  the  work  must  be 
held  very  tight. 

54.  Universal  Vise. — The  milling-machine  vise  shown 
in  Fig.  12  (a)  can  only  be  swiveled  in  a  horizontal  plane. 
Toolmakers,  however,  often  have  occasion  to  take  cuts 
where  a  vise  adjustable  in  a  vertical  plane  would  be  not  only 
very  convenient,  but  would  also  allow  the  work  to  be  held  in 
a  better  manner  than  is  possible  if  only  a  swivel  vise  is  at 
hand.  Such  a  vise  is  shown  in  Fig.  12  (d);  it  is  known  as  a 
universal  vise.  The  universal  vise  shown  consists  of  three 
parts,  which  are  the  base  a,  the  knee  6  d,  and  the  vise  c. 
The  knee  is  made  in  two  parts,  which  are  hinged  together; 
the  lower  part  of  the  knee  can  swivel  on  the  base  and  can 
be  clamped  thereto.  The  vise  itself  swivels  on  the  upper 
part  of  the  knee.  The  knee  can  be  opened  sufficiently  to 
bring  the  vise  vertical,  and  can  be  securely  braced  in  any 
position  by  the  bracing  levers  ^/,  ^,  which  are  joined  by  a 
clamping   bolt.     This   vise   can   be   swung   to   almost  any 
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position,  and,  consequently,  its  range  of  usefulness  is  greatly 
extended  over  that  of  the  swivel-base  vise. 

55.  False  Ja^vn. — In  all  milling-machine  vises,  the  jaws 
are  faced  with  removable  false  steel  jaws,  as  /,/",  Fig.  12, 
which  makes  it  an  easy  matter 
to  substitute  special  jaws  to 
hold  special  forms  of  work. 
Fig.  13  shows  such  a  pair  of 
special  jaws,  with  the  work  a 
between  them;  it  will  be  sug- 
gestive of  other  ways  in  which  such  jaws  may  be  made. 
The  false  jaws  ^,  b  are  fastened  to  the  jaws  of  the  vise  by 
fillister-headed  screws  that  fit  the  tapped  holes  r,  c.  These 
special  jaws  not  only  serve  to  hold  work  of  a  special  form, 
but  also  support  it  close  to  the  cut.  Thus,  in  Fig.  13,  the 
exposed  top  surface  of  the  work  is  to  be  finished  by  a 
formed  cutter;  reference  to  the  illustration  shows  the  top 
of  the  false  jaws  to  have  been  made  to  conform  to  the 
profile  of  the  work,  but  clearing  it  slightly.  The  rigid 
support  of  the  work  prevents  any  springing  and  allows  a 
wide  cut  to  be  taken  with  very  little,  if  any,  chattering. 

56.  Setting  tlie  Vise. — There  are  two  cases  that 
arise  in  practice  in  setting  a  vise,  which  are:  setting  it  at 
a  given  angle  to  the  axis  of  the  spindle,  and  setting  it 
at  a  given  angle  to  the  line  of  motion  of  the'  table.  In 
plain  horizontal  milling  machines,  the  two  cases  do  not  differ 
in  the  least,  since  the  construction  of  the  machine  insures 
that  when  the  vise  is  set  in  respect  to  the  axis  of  the  spindle, 
it  is  also  set  correct  for  the  line  of  motion  of  the  table.  In 
vertical  millfng  machines,  and  also  in  universal  milling 
machines,  when  the  table  is  swung  from  its  zero  position, 
that  is,  when  its  line  of  motion  is  not  at  right  angles  to 
the  axis  of  the  spindle,  the  vise  must  be  lined  up  with  the 
line  of  motion. 

57.  Plain  milling-machine  vises  as  a  general  rule  have 
two  slots  at  right  angles  to  each  other  cut  in  the  bottom; 
tongues  that  fit  a  T  slot  of  the  table  are  fastened  in  these 
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slots  and  insure  that  the  vise  jaws  are  at  right  angles  to,  or 
in  line  with,  the  line  of  motion  of  the  table.  In  horizontal 
machines  in  which  the  table  cannot  be  swiveled,  as  in  plain 
milling  machines,  and  also  in  universal  machines  when  the 
table  is  set  at  zero,  the  tongues  insure  that  the  vise  jaws  are 
either  at  right  angles  or  parallel  to  the  axis  of  the  spindle, 
depending  on  the  position  of  the  vise. 

58.  Graduated  swivel-base  vises  usually  have  the  zero 
mark  on  the  base  so  placed  that  when  it  coincides  with  the 
zero  of  the  graduation,  the  jaws  will  be  at  right  angles  to 
the  line  of  motion  of  the  table.  Hence,  to  set  the  jaws  in 
line  with  the  line  of  motion,  make  the  90*^  mark  coincide 
with  the  zero  mark. 

59.  There  are  various  designs  of  swivel-base  vises  in 
use  that  have  no  graduations.  In  horizontal  machines 
where  the  table  cannot  be  swiveled,  and  in  universal 
machines  when  the  table  is  at  zero,  the  vise  may  be  lined 
so  that  its  jaws  are  parallel  to  the  axis  of  the  spindle  (at 
right  angles   to  the  direction  of  motion  of  the  table)  by 
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placing  the  fixed  jaw  a  against  the  arbor  by  as  shown  in 
Fig.  14  {a).  To  place  the  jaws  at  right  angles  to  the  axis 
of  the  spindle,  apply  a  try  square  c  to  the  fixed  jaw  a  and 
the  arbor  b,  as  shown  in  Fig.  14  {b).  To  set  the  jaws  at  a 
given  angle  other  than  a  right  angle,  apply  a  bevel  pro- 
tractor to  the  arbor  and  fixed  jaw. 
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60.  So  far  it  has  been  supposed  that  the  arbor  runs  ex- 
actly true.  If  this  is  not  the  case,  the  vise  jaws  must  be 
set  in  a  slightly  different  manner.  Run  back  the  table 
until  one  of  the  corners  of  the  fixed  jaw,  as  ^,  touches  the 
arbor,  as  shown  in  Fig.  15  (a).  Measure  the  amount  of 
opening  between  the  corner  a  of  the  fixed  jaw  and  the 
arbor.  Now  give  the  spindle  half  a  turn  and  move  the 
table  until  the  corner  a  is  in  contact  with  the  arbor.  Meas- 
ure the  amount  of  space  between  the  corner  6  and  the  arbor; 
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if  this  agrees  with  the  first  measurement,  the  vise  is  correctly 
set;  otherwise,  it  must  be  shifted  until  the  measurements  do 
agree.  The  same  operation  may  be  used  for  setting  the 
vise  jaws  square  to  the  axis  of  the  spindle,  or  at  an  angle. . 

It  has  here  been  supposed  that  the  arbor  is  bent  directly 
at  the  shoulder.  When  this  is  not  the  case,  as,  for  instance, 
when  the  arbor  has  one  or  more  short  kinks  in  it,  the 
method  of  testing  the  setting  that  has  just  been  explained, 
should  not  be  relied  on.  The  proper  thing  to  do  is  to  pro- 
cure a  true-running  arbor. 

61.  A  swivel-base  vise  without  a  graduation,  or  a  grad- 
uated-base  vise  that  is  to  be  tested  for  the  correction  of  its 
zero  mark,  may  be  set  with  its  jaws  parallel  to  the  line  of 
motion  of  a  vertical  milling-machine  table  as  follows:  put 
an  arbor  in  the  spindle  and  move  the  table  until  the  arbor  a, 
Fig.  16  (^),  is  near  one  corner  of  the  fixed  jaw  d.     Put  a 
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parallel  strip  of  metal  c  between  the  arbor  and  the  vise  jaw, 
and  by  means  of  the  cross-feed,  move  the  vise  toward  the 
arbor  until  the  feeling  piece  c  just  touches  the  arbor  and  the 
fixed  jaw.  Remove  the  feeling  piece  and  then  move  the 
table  in  the  direction  of  its  line  of  motion,  which  is  shown 


Pig.  16. 

by  the  arrow  x^  until  the  arbor  is  near  the  opposite  corner 
of  the  fixed  jaw.  Insert  the  feeling  piece  again  and  observe 
if  it  is  in  contact  with  the  fixed  jaw  and  arbor.  If  this  is 
not  the  case,  or  when  the  feeling  piece  will  not  go  in,  the 
vise  must  be  shifted  and  the  testing  repeated. 

62.  To  set  the  vise  jaws  square  to  the  line  of  motion, 
clamp  a  try  square  between  the  jaws  and  test  along  the 
blade,  as  shown  in  Fig.  16  (^).  To  set  the  vise  to  an  angle 
when  the  base  is  not  graduated,  instead  of  the  try  square, 
use  a  bevel  protractor  set  to  the  correct  angle. 

The  method  of  setting  a  vise  explained  in  connection  with 
Fig.  16  may  also  be  used  for  horizontal  milling  machines, 
clamping  a  heavy  bent  piece  of  wire  to  the  arbor  and  using 
its  point  for  testing. 

63.  Holding  Round  Work. — The  regular  milling- 
machine  vise  is  not  well  adapted  for  holding  round  work, 
owing  to  the  fact  that  the  jaws  are  in  contact  with  such 
work  only  along  one  line.  Hence,  if  the  vise  is  tightened 
on  the  work,  the  jaws  will  mar  it  along  the  lines  of  contact. 
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If  the  vise  is  used  for  holdiog  round  work,  the  marring 
may  be  lessened,  and,  at  the  same  time,  th.e  work  may  be 
held  more  firmly  by  placing  strips  of  soft  sheet  copper  or 
sheet  brass  between  the  jaws  and  the  work. 

64.  When  much  round  work  is  to  be  done  in  the  vise, 
it  will  be  found  advisable  to  make  a  V-shaped  false  jaw,  as  is 
shown  in  Fig.  17,  which  will 


Fig.  17. 


cause  the  work  to  be  held 

along  three  lines  of  contact, 

as  a^  by  and  <r,  and  prevent 

it  from  tipping  upwards  or 

downwards  when  a  cot  is 

taken  over  its  top  surface. 

Strips  of  sheet  brass  may  be  placed  between  the  jaws  and 

the  work  to  prevent  marring. 

65.     Split  Vise  Chuck. — When   a   large   quantity  of 
cylindrical  work   (all  pieces  having  the  same  diameter)  is 


Fig.  18. 

to  have  milling  done  on  it  after  the  cylindrical  surface  is 
nicely  finished,   the  split  vise  chuck  shown  in  Fig.   18 

may  be  used.  This  is  made  from  a 
rectangular  piece  of  steel ;  it  has 
a  hole  bored  through  it  to  fit  the 
work  and  is  split  on  top  through- 
out the  whole  length.  In  use,  the 
flat  surface  a  is  placed  against  the 
fixed  jaw  and  the  curved  surface  b 
against  the  movable  jaw ;  the  vise 
is  then  tightened  somewhat  and 
the  chuck  holding  the  work  is  seat- 
ed  fair  on  the  bottom  of  the  fixed 
jaw  by  tapping  it  lightly  with  a  soft  hammer.     When  this 


Fig.  19. 
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has  been  done,  the  vise  is  tightened  again.  The  curved  sur- 
face 5  allows  a  slight  variation  in  diameter  of  the  work,  since 
it  allows  the  chuck  to  easily  adjust  itself.  At  the  same 
time,  it  insures  a  fair  bearing  of 
the  flat  surface  against  the  fixed 
jaw.  Fig.  19  is  given  as  a  sug- 
gestion of  what  work  may  be  done 
on  a  cylindrical  job  held  in  a  split 
vise  chuck. 

66.  A  Special  Vise — Plain 
milling  machines  are  often  used 
entirely  for  making  simple  cuts  on 
cylindrical  work;  in  such  a  case, 
a  special  vise  may  be  used,  as, 
for  instance,  the  one  shown  in 
Fig.  20.  In  this  vise,  which  may 
Pio.  M  be  made  vertical,  as,  for  instance, 

the  one  shown,  when  the  character  of  the  work  makes  it  a 
more  convenient  design,  the  movable  jaw  a  is  flat  and  the 
fixed  jaw  d  is  V-shaped;  hence,  the  work  c  will  be  automati- 
cally lined  up  and  firmly  held.  The  resemblance  of  the  vise 
jaws  to  the  special  jaws  shown  in  Fig.  17  should  be  noted. 


HOLDING  WOBK  WITH  INDEX  CENTERS. 

67.  Types. — Index  centers  are  made  in  two  types  to 
suit  different  classes  of  work,  which  are  known  respectively 
as  plain  and  universal  index  centers.  Each  manufacturer 
naturally  has  designs  of  his  own  for  each  type;  they  all  em- 
body the  same  general  features,  however,  which  arc:  a  live 
spindle  that  can  be  rotated  at  will  through  a  definite  part  of 
a  revolution,  and  a  tailstock, carrying  the  dead  center.  The 
distance  between  the  two  centers  is  made  adjustable  to  ac- 
commodate different  lengths  of  work, 

68.  Plain  Index  Centei-H. — Pig.  %\  shows  one  design 
of  a  set  of  plain  index  centers,  which  consists  of  an  Index 
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bead  a  and  a  tallstock  6.  In  this  particular  case,  the 
tailstock  forms  part  of  the  bedplate  d',  and  the  index  head 
is  movable  along  this  bedplate.  In  many  designs,  however, 
the  index  head  and  tailstock  are  not  placed  on  a  bed,  but 
are  clamped  directly  to  the  table  of  the  milling  machine;  in 
that  case  they  usually  have  tongues  on  the  bottom  that  fit 
a  T  slot  of  the  table  and  insure  the  proper  alinement  of  the 
index  centers.  The  headstock  a  carries  the  live  spindle  to 
which  an  index  plate  c  is  fitted.  The  back  of  the  index 
plate  has  several  concentric  rows  of  holes,  which  are  spaced 
equidistant  in  each  separate  row;  an  index  pin  dis  inserted 


in  a  movable  bracket  ^  in  such  a  manner  that  its  pointed 
end  may  be  made  to  engage  with  any  row  of  holes.  The 
holes  in  the  index  plate  are  used  for  obtaining  divisions  of 
the  circle,  that  is,  to  indicate  when  the  spindle  has  been  re- 
volved a  given  number  of  degrees.  The  divisions  obtain- 
able  depend  on  the  number  of  holes  in  the  different  rows; 
they  are  the  quotients  obtained  by  dividing  the  number  of 
holes  in  each  row  by  all  the  whole  numbers  by  which  it  is 
divisible.  In  each  case,  the  divisor  shows  how  many  holes 
the  index  plate  must  be  moved  for  each  division. 

The  spindle  is  placed  in  line  with  the  dead  center,  and 
cannot  be  moved  in  a  vertical  plane.  It  carries  a  live  center 
and  a  face  plate  that  takes  the  tail  of  the  dog  used  for  con- 
fining the  work;  a  setscrew/"  confines  the  tail  of  the  dog. 
The  dead  center  has  a  limited  rang^e  of  adjustment  in  line 
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with  the  axis  to  allow  work  to  be  placed  and  removed  from 

between   the   centers   without   having  to  move  the  index 

head. 

Some  designs   of   a  plain  index   head  allow  a  universal 

lathe  chuck  to  be  screwed  to  the  live  spindle;  this  greatly 
,  increases  the  range  of  useful- 
ness. Practically  all  designs 
allow  the  live  center  to  be 
removed;  an  arbor  or  a  collet 
may  then  be  inserted  for  hold- 
ing the  work, 

69.     Uatvenial      Index 
Head.  —  Fig.    22    shows    one 
construction  of  a  universal  in- 
dex head.     The  chief  point  of 
difference  from  the  plain  index 
head   is   that    the    index-head 
spindle  is  movable  in  a  verti- 
^    cal  plane,  and  can  be  swung, 
^    according  to  construction, 
^    through  an  arc  of  from   110° 
to  'iOO°.     In  the  design  shown, 
the  head  (/,  which  carries  the 
spindle,   is  mounted  in  a  cir- 
cular guide  uf  the  frame  &,  and 
I  may  be  rigidly  clamped  to  it  in 

.  any  position  within  its  range 
of  movement.  The  head  a  is 
graduated  into  degrees,  and  a 
zero  mark  placed  on  the  frame 
indicates,  by  its  coincidence 
with  a  graduation  mark,  how 
many  degrees  the  axis  of  the 
spindle  deviates  from  its  hori- 
zontal position.  The  tailstock 
/  is  bolted  t"  the  table,  and  is  made  movable  in  order  to 
accommodate  ditferent  lengths  of  work- 
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70.  In  this  particular  design,  the  spindle  carries  an 
index  plate  c  with  holes  in  it,  which  may  be  used  for  rapid 
indexing  for  the  most  commonly  used  divisions  of  the  circle. 
A  worm-wheel,  which  is  inside  of  the  head,  is  fastened  to 
the  live  spindle;  a  worm,  keyed  to  a  shaft,  meshes  with  this 
wheel.  This  shaft  carries  an  index  pin  d^  which  can  be 
made  to  engage  with  any  of  the  concentric  rows  of  holes  of 
the  index  plate  e^  which  is  fastened  to  the  head.  The 
spindle  is  rotated  by  turning  the  worm-shaft  by  means  of 
the  index  pin,  which,  when  withdrawn  from  the  plate,  forms 
the  handle  of  a  crank. 

Universal  index  heads  are  often  constructed  in  such  man- 
ner that  the  feed-screw  of  the  table  and  the  worm-shaft 
may  be  connected  by  suitable  gearing;  the  spindle  of  the 
index  head  will  then  revolve  at  the  same  time  that  the  table 
moves  in  a  straight  line,  and  the  combination  of  these  two 
movements  will  allow  helixes  and  spirals  to  be  cut.  Such  a 
universal  index  head  is  given  the  name  of  spiral  index 
bead. 

71.  Work  Done  Bet^w^een  Centers. — The  work  that 
is  most  commonly  done  between  centers  is  the  fluting  of 
taps  and  reamers ;  the  milling  of  the  spaces  of  milling  cutters ; 
the  cutting  of  small  gear-wheels  and  sprocket  wheels;  the 
milling  of  squares  on  the  end  of  cylindrical  tools;  the  cut- 
ting of  short  keyways,  and  similar  work. 

72.  Confining  the  Work. — Work  held  between  the 
centers  is  caused  to  rotate  with  the  spindle  by  a  dog;  to  pre- 
vent any  rocking  of  the  work  the  tail  of  the  dog  must  be  con- 
fined by  a  setscrew,  which  is  always  fitted  to  the  face  plate  or 
driver.  When  the  tail  cannot  be  confined  with  the  setscrew, 
a  wooden  wedge  may  be  driven  in  between  the  tail  and  the 
driver.  Ordinary  lathe  dogs  are  not  particularly  well 
adapted  for  milling-machine  work,  since  their  tails  will 
rarely  come  opposite  the  setscrew  in  the  driver.  A  reg- 
ular clamp  dog  will  be  found  to  be  more  satisfactory  in 
all  respects  than  the  lathe  dog,  since  not  only  will  it  not 
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mar  the  work  as  much,  but  it  will  also  allow  the  tail  to 
be  brought  opposite  the  setscrew  on  all  kinds  of  work  within 
its  range. 

73*  Lrininfi:  tbe  Centerift. — The  construction  of  plain 
index  centers  insures  that  they  are  always  in  line.  Univer- 
sal milling-machine  centers,  however,  require  lining  up  in  a 
vertical  plane  when  a  cut  is  to  be  taken  parallel  to  the  axis 
of  the  work.  Their  construction  insures  that  a  line  joining 
the  live  center  and  the  tailstock  center  will  always  lie  in  a 
vertical  plane  parallel  to  the  line  of  motion ;  hence,  no  lining 
up  sidewise  is  ever  required,  if  their  tongues  are  placed  in 
a  T  slot  of  the  table. 


a 


74.  There  are  two  cases  that  may  arise  in  practice, 
which  require  a  slightly  different  method  of  procedure  to 
line  the  centers  up  to  the  same  height.  When  the  tailstock 
center  is  not  movable  in  a  vertical  plane,  as  in  the  case  of 
the  tailstocks  shown  in  Figs.  21  and  22,  proceed  as  follows: 

Set  the  index  head  as  closely 
as  possible  by  the  zero  mark 
on  the  frame  and  the  zero  of 
the  graduation  on  the  head. 
Then  place  some  piece  of 
metal,  as  a  in  Fig.  23,  one 
end  of  which  has  been  turned 
to  run  true,  between  the  cen- 
ters, with  the  turned  end 
toward  the  tailstock.  Now 
adjust  the  pointer  /  of  a  sur- 
face gauge  to  just  touch  a 
feeling  strip  of  paper  placed 
on  top  of  the  turned  end.  Next,  turn  the  piece  a  end  for 
end,  set  up  the  tailstock  center,  and  placing  the  feeling 
strip  on  a  again,  notice  if  the  pointer  will  touch  it.  If  it 
does  not  touch,  it  shows  that  the  spindle  has  been  depressed 
too  much  and  requires  raising;  conversely,  if  the  pointer 
\^ill  not  pass  over  the  piece,  the  spindle  is  too  high. 


FlO.  23. 
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75.     When   the   tailstock  is  so  arranged  that  the  dead 
center  is  movable  in  a  vertical  plane,  set  the  index  head 

Q 


r. 


i 


X 


r. 


M 
J  \ 


to  zero  as  accurately  as 
possible.  Now  place  a 
true-running  milling- 
machine  arbor  in  the 
index-head  spindle 
(practically  all  modern 
milling  machines  have 
the  same  taper  hole  in 
the  spindle  and  index- 
head  spindle,  and, 
hence,  the  arbor  in- 
tended for  cutters  may 
be  used)  and  adjust  the 
pointer/  of  a  surface  gauge  to  just  touch  its  top  near  the 
shoulder,  as  shown  in  Fig.  24.  Shift  the  surface  gauge  to 
the  end  of  the  arbor;  if  the  pointer  just  touches  the  top 
again,  the  index-head  spindle  is  set  parallel  to  the  line  of 
motion  of  the  table.  To  adjust  the  tailstock  center,  use  a 
piece  as  explained  in  connection  with  Fig.  ^8,  placing  its 
turned  end  toward  the  index  head  at  first.  Raise  or  depress 
the  tailstock  center  until  the  pointer  of  the  surface  gauge 
shows  it  to  be  of  the  same  height  as  the  live  center.  When 
the  centers  are  in  line,  the  cut  will  be  parallel  to  the  axis  of 
the  work,  no  matter  what  kind  of  a  cutter  is  used. 


Fig.  24. 


TAPER  IVORK  BBTWBBN  CENTERS. 

76*  Cases  Arising:  in  Practice. — When  cuts  are  to 
be  taken  at  an  inclination  to  the  axis  of  work  held  between 
milling-machine  centers,  that  is,  when  tapering  work  is  to 
be  milled,  the  work  may  be  set  to  the  required  inclination 
in  various  ways  depending  on  the  construction  of  the 
milling-machine  centers  available. . 

The  cases  that  may  arise  in  practice  are  as  follows: 
(a)    Neither   the   index-head   spindle   nor   the   tailstock   is 
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adjustable  in  a  vertical  plane,  as  is  the  case  with  the  plain 
centers  shown  in  Fig.  21.  (d)  The  tailstock  is  adjustable  in 
a  vertical  plane,  (c)  The  index-head  spindle  may  be  swung 
in  a  vertical  plane,  {d)  The  index-head  spindle  may  be 
swung  in  a  vertical  plane  and  the  tailstock  is  adjustable 
vertically  in  the  same  plane,  (e)  The  index-head  spindle 
and  the  tailstock  may  be  swung  simultaneously  in  a  vertical 
plane  around  the  center  of  rotation  of  the  index  head. 

77*     Non-Adjustable  Index   Head  and  Tailstock. 

Taking  up  -case  (^),  there  are  two  ways  in  which  tapers 
may  be  milled,  depending  on  the  kind  of  machine  and  mill- 
ing cutter  available.  Using  a  horizontal  machine  and  a  plain 
cutter,  the  axis  of  the  work  a.  Fig.  25  (a),  may  be  brought 
to  the  required  inclination  to  the  line  of  motion  xy^  by  pack- 
ing up  under  one  end  of  the  bed  d\  Fig.  21.  This  preserves 
the  true  alinement  of  the  centers;  that  is,  the  axis  of  the 
index-head  spindle  coincides  with  the  axis  of  the  dead  center 
irrespective  of  the  inclination  of  the  axis  of  the  index-head 
spindle  to  the  line  of  motion.  When  this  is  the  case,  the 
work  will  always  revolve  in  perfect  unison  with  the  spindle; 
that  is,  the  angular  movements  of  the  spindle  and  work  will 
always  be  alike,  in  consequence  of  which,  it  is  possible  to 
divide  tapering  work  into  even  divisions.  There  is  no  axial 
movement  of  the  tail  of  the  dog  during  the  revolution  of 
the  work,  and  there  is  no  cramping  and  springing. 

78.  When  plain  centers  are  used  for  a  vertical  milling 
machine  and  an  end  milling  cutter  is  employed,  the  adjust- 
ment is  identical  with  the  one  just  described.  When  a  plain 
cutter  is  to  be  used  in  a  vertical  milling  machine,  or  an  end 
mill  in  a  horizontal  machine,  the  centers  must  be  shifted 
sidewise;  that  is,  they  must  be  moved  in  a  horizontal  plane 
until  the  horizontal  angle  between  the  axis  of  the  work  and 
the  line  of  motion  of  the  table  is  equal  to  the  desired  angle. 
When  the  bed  of  the  centers  has  tongues  fitting  a  T  slot  of 
the  table,  it  will  be  necessary  to  interpose  parallel  bars 
between  the  table  and  the  bottom  of  the  bed. 
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79*  Raising:  tbe  Tallstock. — Case  {d)  usually  occurs 
with  plain  centers  that  are  fastened  directly  to  the  table, 
and  when  using  a  face  cutter  in  a  horizontal  milling 
machine,  or  an  end  mill  in  a  vertical  machine.     The  axis  of 


(a) 


Pig.  25. 


the  work  is  then  often  given  the  required  inclination  by 
blocking  up  either  the  index  head  or  the  tailstock  with  suit- 
able packing  blocks.     The  position  of  the  centers  in  that 
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case  is  shown  in  Fig.  25  {d).  Now,  in  packing  up  with 
parallel  packing  blocks,  the  axis  of  rotation  rs  of  the  spindle 
remains  parallel  to  the  line  of  motion  ;r^  of  the  table,  but 
the  axes  of  the  work  and  spindle  are  at  an  inclination  to  each 
other.  This  condition  is  equivalent  to  that  existing  in 
lathe  work  when  taper  turning  is  done  with  the  tailstock 
center  set  over,  and  the  same  trouble  is  experienced  as  in 
lathe  work;  that  is,  the  angular  movements  of  the  spindle 
and  work  are  not  equal.  In  other  words,  with  the  centers 
out  of  line,  it  is  not  possible  to  obtain  even  divisions  of  the 
work  with  even  indexing.  The  trouble  is  intensified  by  the 
fact  that  the  tail  of  the  dog  in  milling-machine  work  requires 
to  be  confined  with  a  setscrew.  If  the  different  positions  of 
the  tail  during  one  revolution  of  the  work  be  observed  care- 
fully, it  will  be  seen  that  it  not  only  slips  to  and  fro  in  the 
slot  of  the  driver,  but  it  also  has  a  rocking  motion  at  the 
same  time.  Now,  if  the  spindle  is  revolved  while  the  set- 
screw  is  set  against  the  tail,  the  latter  will  be  cramped,  and 
either  must  bend  or  the  work  must  spring.  For  this  reason, 
whenever  work  held  between  centers  that  are  not  in  line 
with  each  other  is  revolved,  the  setscrew  should  be  loosened 
before  revolving  the  index-head  spindle  and  tightened  again 
on  the  completion  of  the  movement.  While  this  will  pre- 
vent springing  of  the  work,  it  will  not  insure  even  divisions. 

80«  When  plain  centers  or  universal  centers  intended  to 
be  fastened  directly  to  the  table  are  to  be  used  in  a  horizon- 
tal machine  for  taper  work  where  the  cutting  is  to  be  done 
by  an  end  mill,  or  by  a  plain  mill  in  a  vertical  machine,  the 
centers  must  be  shifted  sidewise;  i.  e.,  in  a  horizontal  plane, 
imtil  the  line  joining  them  makes  the  required  horizontal 
angle  to  the  line  of  motion  of  the  table.  For  this  purpose, 
raising  blocks,  if  available,  may  be  used ;  in  the  absence  of 
such  blocks,  the  centers  may  be  blocked  up  on  parallel  bars. 
In  order  to  obtain  even  divisions,  place  the  tailstock  center 
so  that  it  coincides  with  the  axis  of  the  index-head  spindle. 
Instead  of  fastening  the  centers  separately  to  the  table,  it 
will    be   found  much   better  to  have   them    attached   to   a 
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temporary  bed,  which  insures  their  always  being  in  line,  and 
swivel  the  bed  upon  the  table. 

81.  Adjustable  Index  Head. — Case  (c)  occurs  with 
some  designs  of  universal  index  centers,  where  the  tailstock 
is  not  adjustable  in  a  vertical  plane,  and  when  the  work  is 
done  with  a  face  cutter  in  a  horizontal  machine,  or  an  end 
mill  in  a  vertical  machine.  The  index  head  is  then  raised  or 
depressed  to  suit  the  taper.  All  that  can  be  said  for  this 
method  is  that  it  still  further  aggravates  the  evils  of  unequal 
spacing  and  cramping  of  the  dog.  Comparing  equal  tapers, 
case  {c)  will  give  errors  slightly  more  than  double  those  due 
to  case  (b).  Whenever  the  nature  of  the  work  allows  it  at 
all,  it  is  best  to  place  the  work  between  the  centers  so  that 
the  index-head  spindle  is  raised  above  a  horizontal  plane; 
the  tailstock  can  then  usually  be  blocked  up  by  packing 
blocks  or  parallel  bars  until  the  axis  of  rotation  of  the  index- 
head  spindle  coincides  with  the  dead  center,  as  shown  in 
Fig.  25  (d).  When  this  is  done,  even  divisions  will  be 
obtained  and  there  is  no  cramping  of  the  dog  or  springing  of 
the  work.  The  only  objection  to  the  use  of  a  parallel  pack- 
ing block,  or  parallel  bars,  for  raising  the  tailstock  is  that 
the  dead  center  will  not  have  a  fair  bearing  in  the  counter- 
sink of  the  work.  When  conditions  permit,  a  tapering 
packing  block  may  be  made  in  order  to  overcome  this 
trouble. 

82.  AdJ  ustable  Index  Head  and  Tailstock. — When 
the  tailstock  center  is  adjustable  in  a  vertical  plane  inde- 
pendently of  the  live  center,  which  is  case  (^),  the  tail- 
stock  center  may  be  raised  until  it  coincides  with  the  axis 
of  rotation  of  the  spindle.  Even  divisions  may  then  be 
obtained. 

83.  Taper  Attachment. — Case  (e)  involves  a  special 
construction  of  the  index  centers  ;  Fig.  26  shows  the  design 
that  has  been  adopted  by  the  Brown  &  Sharpe  Manufactur- 
ing Company  for  this  purpose.  In  this  device,  the  live  cen- 
ter a,  which  fits  the  tapering  hole  of  the  index-head  spindle, 
has  a  large  cylindrical  collar  in  front  that  closely  fits  a  bored 
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hole  in  an  arm  of  the  bed  b.  The  tailstock  c  is  mounted  on 
this  bed  in  such  a  manner  that  it  can  be  moved  along  to 
accommodate  different  lengths  of  work  ;  the  construction 
of  the  bed  insures  that  the  dead  center  is  always  in  line 
with  the  axis  of  rotation  of  the  live  center.  In  use,  the 
live  center  is  driven  home  in  the  index-head  spindle  ;  the 
index  head  is  then  raised  until  the  required  inclination  has 


been  reached  and  the  free  end  of  the  bed,  which  swings 
with  the  index  head,  is  tied  to  the  table  by  clamping  it 
to  the  bracket  d.  This  bracket  has  previously  been  bolted 
to  the  table.  The  device  shown  insures  that  the  axis  of 
rotation  of  the  live  center  always  coincides  with  the  dead 
center,  and,  consequently,  even  divisions  may  be  obtained. 

84.  Precautions  to  be  Observed. — The  precautions 
to  be  observed  in  milling  taper  work  between  centers  when 
even  divisions  are  to  be  obtained  may  be  summed  up  as 
follows  :  the  axis  of  rotation  of  the  spindle  and  the  axis  of 
rotation  of  the  work  must  coincide.  When  this  condition  is 
not  attainable,  it  is  impossible  to  obtain  even  divisions. 
When  the  angle  of  inclination  is  small,  the  errors  of  division 
will  be  very  small  ;  they  will  rapidly  increase,  however,  for 
any  increase  of  the  inclination. 

85.  It  is  to  be  noted  that  with  a  constant  difference  of 
elevation  between  the  centers,  the  angle  of  inclination  of 
the  axis  of  the  work  to  the  line  of  motion  of  the  table  in 
cases  {h),  {c),  and  (*/)  will  vary  for  different  lengths  of 
work,  and,  hence,  the  tailstock  center  must  be  moved  up  or 
down  for  different  lengths  of  work  if  the  angle  of  inclination 
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is  to  be  kept  constant.  In  cases  where  the  two  centers  are 
attached  to  a  separate  bed  that  preserves  their  alinement, 
and  where  the  bed  is  then  inclined  or  swiveled,  as  in  case  (a) 
or  {e),  for  instance,  the  angle  of  inclination  to  the  line  of 
motion  is  not  affected  by  the  distance  between  the  centers; 
i.  e.,  by  the  length  of  the  work.  In  case  (r),  it  is  to  be  fur- 
ther noted  that  no  attention  must  be  paid  to  the  graduation 
marks  of  the  index  head  ;  these  do  not  show  the  angle  of 
inclination  between  the  axis  of  the  work  and  the  line  of 
motion  of  the  table.  In  case  (df ),  however,  the  graduations 
will  correctly  indicate  the  angle  of  inclination,  but  only 
when  the  tailstock  center  has  been  raised  enough  to  make 
the  axes  of  rotation  of  the  index-head  spindle  and  work 
coincide.  As  far  as  case  (e)  is  concerned,  the  construction 
insures  that  the  graduation  marks  correctly  indicate  the 
inclination. 

86.  Millins-Mactiine  Dok. — In  Art.  79  it  was  men- 
tioned that  the  tail  of  the  dog  will  cramp  badly  when 
taper  work  is  done  with  the  centers  set  out  of  line.  The 
dog  shown  in  Fig.  27  {a)  overcomes  this  trouble  entirely; 
it  requires  a  pair  of  special  driving  jaws  to  be  attached  to 
the  regular  driver  or  face  plate.     Referring  to  the  figure,  it 


Fig.  27. 

is  seen  that  the  dog  has  an  offset  cylindrical  tail  that  is 
placed  between  the  special  jaws  a  and  ^,  as  shown  in 
Fig.  27  {d).  The  jaw  a  is  bolted  to  the  face  plate  c  and  car- 
ries a  small  slide  to  which  the  movable  jaw  6  is  clamped. 
In  use,  the  dog  is  placed  on  the  work  so  that  the  axis  of  the 
tail  is  about  flush  with  the  end  of  the  work.     The  tail  is 
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now  placed  in  contact  with  the  fixed  jaw  a,  and  the  movable 
jaw  6  is  pushed  against  it  and  locked.  Owing  to  the  con- 
struction, the  dog  can  rock  freely  during  the  revolution  of 
the  work  and  there  is  a  complete  absence  of  cramping  or 
bending  of  the  work.  This  kind  of  dog  produces  less  error 
in  dividing  work  than  the  bent-tail  dog;  it  will  not,  how- 
ever, as  is  commonly  claimed,  allow  even  divisions  to  be 
made  while  the  centers  are  out  of  line. 

87.     Lrlnins    ttie    Centers   for   Taper   Work. — As 

previously  stated,  when  even  divisions  are  to  be  produced 
on  work  done  between  centers,  it  is  absolutely  necessary 
that  the  centers  be  in  line ;  that  is,  the  axes  of  rotation  of 
the  work  and  of  the  index-head  spindle  must  coincide.  The 
shifting  of  the  centers  to  bring  them  into  alinement  is  a 
matter  that  naturally  depends  on  their  construction  and  the 
conditions  of  each  case,  and  no  general  direction  that  could 
be  given  would  be  of  the  same  value  as  the  exercise  of  a 
little  judgment.  Their  correct  alinement  may  be  tested  in 
various  ways ;  one  of  the  simplest  and  most  accurate 
methods  is  here  given,  which  has  the  advantage  that  it 
requires  no  special  tools  whatsoever,  is  rapid,  and  does  not 
call  for  the  exercise  of  any  special  skill. 

S8.     Place  the  work  a,  Fig.  28,  between  the  centers  with 
a  clamp  dog  mounted  on  it.     Revolve  it  until  the  tail  of  the 

dog  is  on  top  and 
in  the  vertical  plane 
passing  through  the 
axis  of  the  work. 
Now  adjust  the  dog 
until  the  end  of  the 


^'°-  ^-  a    feeling    piece    b 

placed  between  it  and  the  driver  c.  This  feeling  piece  may 
be  a  strip  of  tin,  paper,  brass,  etc.  Remove  the  feeling 
piece  and  give  the  index-head  spindle  one-half  turn,  thus 
bringing  the  spot  on  the  driver  that  was  opposite  the  end 
of   the   tail   to   the   bottom.     Revolve    the    work  one-half 
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revolution  and  observe  if  the  feeling  piece  will  go  between 
the  driver  and  the  dog.  If  it  does  not  do  so,  the  tailstock 
center  is  too  low;  if  it  enters  freer  than  it  did  in  the  first 
position,  the  tailstock  center  is  too  high,  and  if  it  just  goes 
in  with  the  same  degree  of  tightness  that  it  did  in  the  first 
position,  the  centers 
are  in  line  in  a  ver- 
tical direction.  To 
test  their  alinement 
sidewise,  place  the 
driver  and  dog  into 
their  two  horizontal 
positions  and  apply 
the  feeling  piece  in 
each  position.  If  for 
any  reason  the  work 
itself  cannot  be  used, 
a  mandrel  of  the 
same  length  as  the 
work  may  be  em- 
ployed instead.  In 
that  case,  the  size  of 
the  centers  in  the 
mandrel  must  be 
the  same  as  that  of 
the  centers  of  the 
work. 


89.     Setting: 
Taper  Work. — 

The  cases  that  arise 
in  practice  in  milling 
taper  work  between 
centers    require   the 


(aj 


Fig.  29. 


cut  to  be  taken  either  parallel  to  the  surface  of  the  work 
or  at  an  inclination  to  it.  When  setting  the  centers  so  that 
the  cut,  the  depth  of  which  is  represented  by  the  dotted 
lin^  a  6  in  Fig.  5i9  (a),  will  be  parallel  to  the  surface  of  the 
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work,  a  surface  gauge  may  be  employed  for  testing  when 
using  a  horizontal  milling  machine  and  a  plain  cutter,  or  a 
vertical  milling  machine  and  an  end  mill. 

90.  The  work  having  been  placed  between  the  centers, 
these  are  adjusted  by  eye  until  the  top  of  the  work  appears 
about  parallel  to  the  surface  of  the  milling-machine  table. 
The  pointer/,  Fig.  29  (rt),  of  a  surface  gauge  is  then  ad- 
justed to  just  touch  the  work  at  one  end  ;  the  gauge  is  now 
shifted  to  the  other  end,  into  the  position  shown  in  dotted 
lines,  and  it  is  noted  if  the  pointer  is  again  in  contact  with 
the  work.  If  it  does  not  touch,  it  shows  that  the  work  must 
be  raised  at  the  left  end,  or  the  right  end  must  be  depressed. 
After  shifting,  the  testing  is  repeated  until  the  surface 
gauge  shows  the  work  to  be  parallel  to  the  line  of  motion. 

91.  When  the  cut  is  to  be  deeper  on  one  end  than  at  the 
other,  as  indicated  by  the  dotted  line  ^  ^  in  Fig.  29  (^),  the 
setting  may  be  tested  by  a  surface  gauge  and  an  auxiliary 
test  piece  c.  This  test  piece  should  be  a  very  narrow  strip 
of  metal  whose  height  is  made  equal  to  the  difference  in  the 
depth  of  the  cut  at  the  two  ends.  Place  the  block  on  top 
of  the  work,  holding  it  parallel  to  the  table  and  set  the 
pointer  /  of  a  surface  gauge  to  touch  it.  Then  shift  the 
surface  gauge  to  the  other  end  and  note  whether  the  pointer 
touches  the  work.  If  it  does  touch,  the  work  is  correctly 
set;  otherwise,  it  must  be  shifted  and  the  testing  repeated. 

92.  When  using  a  plain  cutter  in  a  vertical  machine,  or 
an  end  mill  in  a  horizontal  machine,  the  surface  gauge  can- 
not be  readily  used  for  lining  the  work.  In  these  cases,  a 
pointer  may  be  clamped  to  the  spindle,  or  one  of  the  cutting 
edges  of  the  cutter  itself  may  be  used  for  testing  the  setting,  • 
traversing  the  work  past  the  selected  testing  point  by  moving 
the  table.  In  the  case  of  a  plain  mill  used  in  a  horizontal 
machine,  or  an  end  mill  used  in  a  vertical  machine,  the  set- 
ting may  be  tested  by  the  cutter;  but,  as  a  general  rule,  it 
is  more  convenient  to  use  a  surface  gauge  in  the  manner 
explained. 
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93.  On  some  classes  of  work,  as,  for  instance,  when  a 
bevel  gear  is  to  be  cut  between  centers,  the  angle  that  the 
cut  makes  with  the  axis  of  the  work  is  given.  With  a  uni- 
versal head,  raise  the  index  head  until  the  graduations  indi- 
cate the  given  angle  ;  now  place  the  work  between  the 
centers  and  raise  the  tailstock  until  it  is  in  line,  testing  by 
means  of  the  method  described  in  Art.  88.  When  a  special 
attachment  like  that  shown  in  Fig.  26  is  used,  the  testing  is 
superfluous  ;  all  that  is  required  is  to  set  the  index  head  to 
the  given  angle. 

94.  When  the  centers  are  to  be  set  sidewise  to  a  given 
angle,  as  occurs  when  using  them  in  a  horizontal  machine 

Lme  of  Afotfon. 
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with  an  end  mill,  or  a  vertical  machine  with  a  plain  mill, 
there  are  usually  no  graduations  available  by  which  to  set 
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the  centers.  Various  expedients  may  then  be  adopted.  For 
instance,  a  piece  of  tin,  as  a^  Fig.  30  (^),  may  be  cut  so  that 
the  angle  b  equals  the  given  angle.  This  is  then  placed 
against  a  cylindrical  mandrel  held  between  the  centers, 
which  are  now  shifted  until  a  traversing  of  the  table  past 
the  stationary  testing  point  /  shows  the  side  c  d  oi  the  tri- 
angle a  to  be  parallel  to  the  line  of  motion  of  the  table.  The 
testing  point  may  be  a  piece  of  wire  clamped  to  the  spindle. 

95.  When  a  bevel  protractor  of  the  type  shown  in 
Fig.  30  (b)  is  available,  it  may  be  set  to  the  required  angle 
and  placed  against  a  cylindrical  mandrel  held  between  the 
centers.  Their  setting  may  then  be  tested  by  traversing 
the  table,  and,  hence,  the  blade  of  the  bevel  protractor,  past 
a  stationary  testing  point  /. 

96.  When  the  two  centers  are  mounted  upon  a  bed,  this 
bed  will  usually  have  some  vertical  surface  that  is  parallel 
to  a  vertical  plane  passing  through  the  centers.  In  that 
case  the  bevel  protractor  or  the  tin  triangle  may  be  ap- 
plied to  that  surface,  instead  of  to  the  mandrel,  observing 
the  necessary  precaution  of  holding  the  instrument  used 
parallel  to  the  surface  of  the  milling-machine  table. 
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USE  OF  MILLING  MACHINE. 


HOI^DING    AND    STEADYING    WORK. 


HOLDING  l¥ORK   IN  A  CHUCK. 

1.  Milllns-Macliine  Cliuck. — ^As  a  general  rule,  the 
chuck  used  in  milling-machine  work  is  a  self-centering  lathe 
chuck  that  is  fitted  to  a  face  plate  screwed  to  the  index-head 
spindle.  For  holding  small  cylindrical  work,  a  high-grade 
self-centering  drill  chuck  of  the  Almond  or  Beach  type  may 
be  fitted  to  a  shank  that  fits  the  hole  of  the  index-head 
spindle.  Regular  independent-jaw  lathe  chucks  may  be 
used  for  the  index-head  spindle ;  these  have  the  advantage 
that  work  held  in  them  can  be  trued  up  until  its  axis 
coincides  with  the  axis  of  rotation  of  the  spindle.  It  is 
rarely  advisable,  however,  to  fit  an  independent-jaw  chuck 
to  ,the  index  head  unless  the  milling-machine  spindle  is 
threaded  the  same  as  the  index-head  spindle;  the  chuck 
can  then  be  screwed  to  the  milling-machine  spindle  and 
the  work  there  trued  up  easily.  After  truing,  the  chuck  is 
transferred  to  the  index  head.  It  is  a  very  tedious  job  to 
true  work  in  a  chuck  while  on  the  index-head  spindle,  except 
in  those  machines. which  are  provided  with  means  for  dis- 
engaging the  worm  and  worm-wheel. 

2.  Self-centering  drill  chucks,  if  of  a  high  grade  and 
carefully  fitted,  can  be  relied  on  to  hold  work  within  their 
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capacity  very  true ;  they  will  also  stay  true  for  a  long  time 
if  used  with  a  reasonable  amount  of  care.  Self-centering 
lathe  chucks,  even  though  made  with  the  greatest  of  care, 
will  rarely  hold  work  so  that  its  axis  coincides  with  the  axis 
of  rotation;  in  spite  of  careful  use,  they  will  soon  wear  still 
further  out  of  true.  For  this  reason,  it  is  not  advisable  to 
use  a  self-centering  lathe  chuck  for  work  that  requires  cuts 
to  be  very  true  in  respect  to  its  axis;  when  this  is  considered 
essential,  the  work  should  be  trued  up  in  some  other  manner, 
as,  for  instance,  by  claihping  it  to  a  true-running  arbor  or 
similar  device. 

3*.  Examples  of  Cliuck  Work. — There  is  a  great 
variety  of  work  that  can  advantageously  be  done  with  the 
piece  held  in  a  chuck,  among  which  may  be  mentioned  the 
milling  of  squares  on  the  ends  of  taps  and  reamers,  the  cut- 
ting of  axial  grooves  on  work  too  long  to  go  between  the 
centers  but  small  enough  to  pass  through  the  index-head 
spindle,  milling  out  the  spaces  of  spring  dies  and  hollow 
mills,  and  similar  wprk.  A  few  examples  are  here  given, 
which  will  act  as  suggestions  as  to  the  class  of  work  and  the 
kind  of  cuts  for  which  the  chuck  is  adapted. 

4.  Grooving  Work  Held  In  Cbuck. — Fig.  1  is  a  front 
view,  looking  in  the  direction  of  the  line  of  motion  of  the 

table,  of  one  style  of  an  in- 
dex head,  which  carries  the 
three-jawed    chuck    ^,    in 
r  which    the   work   b   is-  held. 
A  straight  groove  having  a 
rectangular   cross-section    is 
to  be  milled  in  the  work  to 
•-take   a    feather;    in    other 
words,  the  work,  which  may 
be  assumed  to  be  a  shaft,  is 
to  be  splined  for  a  part  of 
its  length.    When  the  groove 
is  to  terminate  in  the  manner 
shown  in  Fig.  2  {a),  an  end  mill  c  would  have  to  be  used,  as 


Fig.  1. 
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shown  in  Fig.  1.  When  such  a  groove  is  to  begin  at  some 
distance  from  the  end,  a  hole  slightly  smaller  than  the  fin- 
ished width  of  the  groove  should  be 
drilled  where  the  groove  is  to  start; 
this  hole  should  have  the  same  depth 
as  the  groove,  and  will  make  it  easier 
to  sink  the  end  mill  into  the  metal. 
Some  workmen  prefer  to  drill  a  hole 
where  the  groove  is  to  terminate, 
but  there  is  no  particular  advantage 
to  be  derived  from  this  practice.  If 
it  is  done,  it  is  recommended  to  drill 
this  hole  considerably  smaller  than 
the  width  of  the  groove,  in  order 
to  allow  the. end  mill  to  finish  the 
groove  nicely. 

5.  When  the  character  of  the  work  demands  that  the 
groove   terminate   in  the  manner  shown  in  the  top  view 

and  longitudinal  section 
in  Fig.  2  {6),  a  plain  cut- 
ter must  be  selected.  In 
that  case  (for  a  horizontal 
milling  machine),  the  cut 
would  be  taken  on  top  of 
the  work,  as  shown  in 
Fig.  3.  When  a  groove 
like  that  shown  in  Fig. 
2  (d)  does  not  begin  at 
the  end,  it  can  be  easily 
cut  by  dropping  the  cut- 
ter into  the  work ;  no  hole 
need  be  drilled  and  no 
VIO.Z,  chipping  out  is  required, 

as  the  plain  cutter  will  easily  clear  itself  of  chips. 

6.  Milling  Polygons. — When  milling  a  square,  or  any 
other  polygon,  on  the  end  of  round  work  held  in  the  chuck, 
the  way  in  which  the  cut  is  to  terminate  will  determine  the 
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kind  of  cutter  to  be  used  and  the  direction  of  the  feed. 
For  instance,  when  a  horizontal  machine  and  a  plain  cutter 
are  used,  with  a  direction  of  feed  as  indicated  by  the  arrow  x 

in  Fig.  4  (a),  the  cut 
must  be  taken  over 
the  top  of  the  work, 
and  will  terminate 
ia  a  curved  shoulder 
having  a  radius  of 
curvature  equal  to 
the  radius  of  the  cut- 
ter. For  some  work, 
this  may  be  a  de- 
cided advantage,  as, 
for  instance,  when 
milling  a  punch,  since 
this  way  of  termina- 
ting the  cut  will  leave 
the  punch  verystrong 
and  greatly  reduce  its 
liability  to  crack  in 
hardening;  for  other 
work,  again,  it  may 
be  a  decided  disad- 
vantage. Thus,  as- 
sume that  the  square 
at  the  end  of  a  tap 
was  cut  in  the  man- 
ner illustrated  in 
Fig.  4  {a).  Then, 
the  tap  wrench  will 
jam  on  the  curved 
shoulders  and  become 
difficult  to  »  remove. 
In  this  case,  it  is  bet- 
ter to  terminate  each  flat  with  a  shoulder;  this  may  be  done 
by  using  an  end  mill  or  a  side  mill,  feeding  in  the  direction 
of  the  arrow  x  in  Fig.  4  {b\ 


Fig.  4. 
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7.  When  conditions  permit  a  cut  to  terminate  in  a  shoulder 
curved  as  shown  in  Fig.  4  (^),  the  milling  may  be  done  with 
an  end  itiill,  a  side  mill,  or  a  pair  of  side  mills  used  as  strad- 
dle mills,  feeding  in  the  direction  of  the  arrow  x.  In  that 
case,  the  axis  of  the  work  should  intersect  the  axis  of  rota- 
tion of  the  cutter.  Comparing  squares  and  cutters  of  equal 
size,  it  will  be  found  that  a  square  made  as  in  Fig.  4  {c)  can 
be  finished  in  a  fraction  of  the  time  that  is  required  for 
finishing  it  in  the  manner  shown  in  Fig.  4  {b).  The  reason 
is  to  be  found  in  the  difference  in  the  distances  the  cutter 
has  to  travel  in  order  to  complete  the  cut ;  the  distance  to 
be  traveled  by  the  cutter  is  least  when  milling  as  shown  in 
Fig.  4  {c). 


8.  Circular  Cbuck  Work.^ — Fig.  6  is  a  suggestion  of 
what  may  be  done  in  the  way  of  circular  milling,  using  in 
this  case  a  horizontal  ma- 
chine and  an  end  mill. 
The  work  is  shown  to  an 
enlarged  scale  in  Fig. 
5  {a)\  it  is  required  to 
finish  the  curved  sur- 
face a^  and  also  the  rest 
of  the  face.  This  may  be 
done  by  holding  the 
stem  b  of  the  work  in  the 
chuck  and  using  an  end 
mill,  as  shown  in  Fig. 
5  {b).  For  finishing  the 
curved  surface,  the  axes 
of  rotation  of  the  cutter 
and  of  the  work  should 
not  intersect,  but  the  axis 
of  the  cutter  should  be 
below  the  axis  of  the  work 
a  distance  at  least  equal 
to  the  radius  of  the  cen- 
tral  hole   in   which   the 
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teeth  of  an  end  mill  terminate.  When  cutting  the  curved 
surface  a  of  the  work,  the  feeding  is  done  by  rotating  the 
index-head  spindle  in  the  direction  of  the  arrow  x.  As 
soon  as  the  cutter  has  passed  clear  over  the  curved  surface, 

the  knee  of  the  mill- 
ing machine  is 
raised;  the  work  is 
then  rotated  until 
the  face  c  is  vertical. 
By  means  of  the 
cross-feed  screw,  the 
table  is  fed  toward 
the  cutter  until  the 
required  depth  of  cut 
is  reached ;  the  feed- 
ing is  then  done  by 
lowering  the  knee 
until  the  curved 
part  of  the  work  is 
reached.  The  index- 
head  spindle  is  now 
slowly  rotated  in  the 
direction  of  the 
arrow  x  until  the 
side  c'  comes  vertical ; 
the  knee  is  then  fed 
upwards  until  the 
cutter  has  passed 
over  c\  which  com- 
pletes the  milling  of 
the  work. 

The  method  of  fin- 
ishing the  piece 
shown  in  Fig.  5  {a) 
that  has  just  been 
explained  is  not  given  as  the  only  way  in  which  this 
job  can  be  done,  nor  is  it  claimed  to  be  the  best 
way.     It   is   given   merely  for   the  purpose  of   suggesting 


§  16  MILLING-MACHINE  WORK.  7 

to  the  operator  the  character  of  work  that  may  be  done 
in  this  manner. 

9.  Precaution^.— When  cuts  are  to  be  taken  at  one 
side  of  the  center  on  work  held  in  the  chuck,  it  should 
always  be  the  aim  to  select  the  cutter  or  arrange  the  machine 
so  that  the  pressure  of  the  cut  will  not  unscrew  the  chuck 
from  the  spindle. 

Suppose  a  cut  is  taken  as  shown  in  Pig.  6  {a),  and  that  the 
chuck  is  screwed  on  with  a  right-hand  thread.  Then,  the 
pressure  of  the  cut  will  tend  to  rotate  the  chuck  in  the  direc- 
tion of  the  arrow  ^,  that  is,  left-handed;  this  will  unscrew 
the  chuck.  For  making  the  cut,  the  cutter  should  occupy 
the  position  shown  in  Fig.  6  {d);  the  pressure  of  the  cut 
will  then  tend  to  rotate  the  chuck  in  the  direction  of  the 
arrowy,  and  thus  tend  to  screw  it  home  more  firmly. 

10.  It  is  not  always  possible  to  select  the  cutter  or 
arrange  the  machine  so  that  the  pressure  of  the  cut  will  not 
tend  to  unscrew  the  chuck.  A  good  example  of  this  is  the 
hollow  mill  shown  in  Fig.  7,  which  is  e.ttensively  used  in 
turret-lathe  and  screw-machine  work.  Such  mills,  as  a  gen- 
eral  rule,  cut  right-handed,  the  terra  right-handed  being 


Via.  7. 
applied  to  this  mill  in  accordance  with  the  practice  existing 
in  regard  to  milling  cutters.  It  can  readily  be  seen  that  in 
milling  out  a  hollow  mill  in  order  to  form  the  cutting  edges, 
the  cut  must  be  taken  to  the  left  of  the  center,  or  as  in 
Fig.  6  {a).  Now,  if  the  chuck  is  screwed  on  with  a  right- 
handed  thread,  there  is  a  tendency  to  unscrew  the  chuck, 


8  MILLING-MACHINE  WORK.  g  15 

which  is  quite  pronounced  on  account  of  the  width  and 
depth  of  the  cut.  For  this  reason,  special  care  is  required 
to  jam  the  chuck  firmly  against  the  shoulder  on  the  index- 
head  spindle,  when  the  thread  is  right-handed,  and  great 
care  must  also  be  exercised  when  taking  the  cut.  It  some- 
times is  possible  to  block  the  chuck  by  putting  a  jack  under 
one  of  the  jaws,  and  this  should  be  done  whenever  circum- 
stances permit.  When  a  chuck  that  is  fitted  to  the  index- 
head  spindle  by  a  shank  is  available,  and  is  of  sufficient  size, 
it  should  be  used  in  preference  to  a  screwed  chuck. 

1 1,     Angular  Cuts.— Cuts  may  be  made  at  an  angle  to 

the  axis  of  work  held  in  the  chuck  by  inclining  the  universal 

head,  as  shown  in  Fig.   8.     A  great  variety  of  work  can 

thus  be  done,  as,  for  instance,  milling  the  teeth  on  the  end 

of  end  mills,  or  the  teeth  on  the 

sides  of  solid  side  mills,  milling 

bevel  gears,  etc.     Some  varieties 

of  work  can  advantageously  be 

held  in  the  chuck,  while  others 

can   be   done   more  readily  and 

accurately  by  using  some  other 

holding  device,  as  an  arbor,  for 

instance. 

12.     Ill  order  that  the  chuck 
jaws  may  not  cut  into  the  sur- 

Line  of  tiption .    face  of  finished  work,  strips  of 

''""^-  ^-  soft  copper,  brass,  or  sheet  tin 

may  be  placed  between  the  jaws  and  the  work.  When  using 
the  chuck,  the  work  should  project  as  little  as  circum- 
stances permit,  both  in  order  to  get  a  fair  bearing  of  the 
jaws  and  also  to  reduce  the  spring  of  the  work  during  the 
cutting  operation. 

ARBORS  FOR   INDEX-HEAD   USE. 

13.  Millinu-Maclilne  Arbor. — Arbors  that  are  to  he 
used  in  the  index  head  may  be  made  in  many  different  ways 
to  suit  the  nature  of  the  job.     For  holding  saw  blanks,  face 
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cutters,  solid  side  cutters,  and  other  similar  cutting  tools 
for  the  milling  machine  while  milling  the  teeth  in  them,  a 
regular  milling-machine  arbor  can  often  be  used  to  ad- 
vantage. 

On  many  jobs,  such  an  arbor  cannot*  be  used  very  readily 
on  account  of  its  being  in  the  way  of  the  milling  cutter;  in 
such  a  case,  some  other  design  of  arbor  must  be  adopted. 
In  designing  such  a  special  arbor,  the  nature  of  the  job  will 
largely  determine  its  shape,  and  will  usually  narrow  the 
choice  down  to  a  very  limited  range  of  designs.  Several 
special  designs  are  here  given  as  suggestions  of  what  may 
be  done. 

14.  Bxpandins  Arbors. — Fig.  9  {a)  is  one  design  of 
a  special  arbor  intended  for  holding  work  with  a  central  hole 


Pig.  9. 


in  such  a  manner  as  to  allow  it  to  be  milled  on  the  side ;  as, 
for  instance,  a  small  side  milling  cutter,  or  a  bevel  gear. 
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The  front  end  of  the  arbor  is  split  into  three  or  more  parts 
by  slots  terminating  in  holes  close  to  the  shoulder.  A  screw 
with  a  tapering  head  will  expand  the  split  end  so  as  to  hold 
the  work,  which  is  slipped  on  the  arbor  before  the  screw  is 
tightened.  The  split  end  of  the  arbor  must  be  a  fair  fit  in 
the  hole  of  the  work  before  expanding.  The  arbor  shown 
will  hold  the  work  central,  and  is  cheap  in  first  cost.  Its 
disadvantages  are  that  it  can  be  used  for  only  one  size  of 
hole,  and  that  it  will  not  hold  the  work  as  firmly  as  some 
other  designs. 

15.  Fig.  9  {6)  shows  a  design  intended  to  overcome  one 
of  the  disadvantages  of  the  arbor  just  shown.  The  end  is 
split  into  three  or  more  parts  and  is  made  to  fit  the  hole  of 
the  work ;  a  central  hole  is  drilled  clear  through  the  arbor 
and  is  reamed  out  tapering  at  the  front  end.  A  taper  pin  d 
is  fitted  to  it,  and  is  driven  in  to  expand  the  arbor.  To 
loosen  the  work,  the  pin  is  driven  out.  This  may  be  done 
with  a  rod  and  hammer;  the  rod  may  be  dispensed  with  if 
the  taper  pin  is  made  with  a  long,  straight  shank  extending 
beyond  the  end  of  the  index-head  spindle,  as  is  shown  in  the 
illustration.  If  the  split  end  before  expanding  is  a  fair  fit 
in  the  hole  of  the  work,  it  will  hold  the  latter  central  and 
also  very  firmly,  since  a  greater  pressure,  and  hence  more 
friction,  can  be  created  by  driving  the  taper  pin  home  than 
it  is  possible  to  obtain  by  tightening  a  conical-headed  screw 
with  a  screwdriver.  This  design  is  perhaps  slightly  more 
expensive  than  the  previous  one,  but  it  is  to  be  preferred 
because  it  holds  the  work  more  firmly.  It  retains  the  dis- 
advantage of  being  adapted  for  but  one  size  of  hole. 

16.  Bushed  Expanding:  Arbor. — A  design  that  can 
easily  be  adapted  to  various  sizes  of  holes  at  a  comparatively 
slight  expense  is  shown  in  Fig.  9  (c).  Here  the  front  end  of 
the  arbor  is  tapered  slightly,  so  that  the  included  angle  is, 
say,  from  2°  to  3°.  A  bushing  c  is  boned  to  fit  the  tapered  end 
of  the  arbor,  and  is  turned  outside  to  fit  the  hole  of  the  work. 
It  is  split  by  an  axial  slot  d;  in  order  to  allow  it  to  expand 
easily,    several   slots,   as  e  and  /,  may  be  cut  around  its 
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circumference.  The  bushing  may  be  cxp:in<lcd  by  a  bolt^ 
extending  clear  through  the  arbor  and  having  a  nut  at  the 
rear  end,  or  it  may  be  locked  by  simply  driving  it  home. 
In  order  to  adapt  the  arbor  to  a  different  size  of  hole,  a  new 
bushing  is  the  only  thing  required.  The  arbor  shown  must 
be  removed  from  the  index-head  spindle  to  change  the 
work,  since  the  work  can  only  be  removed  from  the  arbor  by " 
driving  it  oflf.  A  nut  may  be  placed  back  of  the  bushing  so 
that  the  work  can  be  forced  off  without  removing  the  arbor. 
17.  Chuck  Arbor. — Fig.  10  is  a  design  of  arbor  that 
would,  perhaps,  more  properly  be  called  a  chuck,  since  it  is 
used  to  hold  work  with  a  cylindrical  part.  The  front  end 
of  the  arbor  is  bored  out  to  fit  the  work  closely;  its  outside 
is  turned  tapering  and  threaded  at  the  rear.  It  is  split  into 
three  or  more  parts  (faur  in  this  case)  and  has  a  gleeve 
nut  a  fitted  to  it.     This  sleeve  nut  has  holes,  as  b,  b,  drilled 
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in  it  to  take  the  pin  of  a  spanner  wrench.  The  work,  as, 
for  instance,  the  bevel-gear  blank  c,  is  placed  in  the  arbor 
and  the  nut  a  is  screwed  home  with  a  spanner  wrench;  this 
causes  the  split  end  to  hold  the  work  centrally  and  grip  it 
quite  firmly.  In  order  to  hold  the  work  securely,  it  is 
necessary  that  the  cylindrical  part  of  the  work  is  a  fair  fit 
in  the  hole  of  the  arbor. 

The  arbor  shown  can  be  adapted  to  a  limited  range  of 
sizes  by  fitting  concentric  split  bushings  to  it;  it  cannot  be 
expected  in  that  case  to  grip  the  work  as  firmly  as  it  does 
when  no  adapting  bushing  is  used. 
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HOLDING   WORK  ON   FACB  PI.ATB. 

18.  Use  of  Face  Plate. — For  many  jobs,  it  is  possible 
to  use  a  face  plate  for  holding  the  work.  When  the  index- 
head  spindle  is  threaded,  the  face  plate  can  be  screwed  to 
it ;  when  this  is  not  the  case,  it  may  be  fitted  to  a  shank  fit- 
ting the  hole  of  the  index-head  spindle.  If  this  is  done,  it 
is  not  advisable  to  use  a  thread  for  uniting  the  shank  and 
face  plate  on  account  of  the  danger  of  unscrewing  the  face 
plate,  unless  a  round  key  is  sunk  half  into  the  shank  and  half 
into  the  face  plate.  When  a  face  plate  is  screwed  to  the 
index-head  spindle,  the  same  precaution  must  be  taken  as 
in  case  of  a  chuck  fastened  by  screwing;  that  is,  whenever 
circumstances  permit,  the  cut  should  be  taken  in  such  a 
manner  that  there  will  be  no  tendency  to  unscrew  the  face 
plate. 

19.  Work  is  fastened  to  a  face  plate  and  is  trued  up  in 
the  same  manner  as  in  lathe  work;  it  must  always  be 
remembered,  however,  that  the  pressure  of  the  cut  is  much 
greater  than  in  lathe  work,  and  hence  the  clamping  must 
be  done  very  carefully.  If  circumstances  permit,  stop-pins 
may  be  inserted  in  the  face  plate  to  prevent  slipping  of  the 
work,  or  stops  may  be  bolted  to  it. 

20.  Lining  the  Face  Plate. — Most  of  the  face-plate 
work  done  in  a  milling  machine  requires  the  plane  of  the 
face  plate  to  be  at  right  angles  to  the  axis  of  rotation  of 
the  milling-machine  spindle.  The  setting  may  then  be 
tested  in  the  following  manner:  Place  the  index-head  spindle 
about  in  line  with  the  milling-machine  spindle,  as  is  shown 
in  Fig.  11.  No  particular  degree  of  accuracy  is  required 
for  this;  it  will  be  good  enough  for  the  purpose  if  this  is 
done  as  nearly  as  can  be  judged  by  the  eye.  Fasten  a  bent 
piece  of  wire,  as  a^  to  the  milling-machine  spindle  in  any 
conve;iient  manner;  by  moving  the  table,  bring  the  pointed 
end  in  contact  with  the  face  plate,  or,  if  desired,  with  a 
feeling  piece  b  placed  against  the  face  plate.  Revolve  the 
milling-machine  spindle  one-half  of  a  revolution,  thus  bring- 
ing the  point  of  the  wire  into  the  position  shown  in  dotted 
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lines,  and  test  the  distance  between  the  end  of  the  wire  and 
the  face  plate.  If  it  is  greater  than  in  the  first  position,  the 
index-head  spindle  requires  shifting  in  the  direction  of  the 
arrow  x\  if  it  is  less,  the  shifting  must  be  done  in  the  direc- 
tion of  the  arrow  y.     Test  next  in  two  positions  at  right 
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angles  to  those  shown  in  the  illustration,  and  shift  the  index- 
head  spindle  until  the  end  of  the  wire  remains  at  a  constant 
distance  from  the  face  plate  during  a  complete  revolution 
of  the  milling-machine  spindle.  The  wire  used  for  testing 
should  be  quite  stiff,  say  about  \  inch  in  diameter. 

21.  Example  of  Face-Plate  Work. — Fig.  12  is  an 
example  of  circular  milling  that  may  be  done  with  the 
work  clamped  to  the  face  plate.  Here 
the  two  slots  a  and  b  are  circular ;  the 
slot  a  has  its  center  of  curvature  at  a! 
and  the  slot  b  at  b\  while  the  center 
of  the  work  is  at  c.  In  order  to  mill 
the  slots,  the  work  must  be  set  so  that 
for  the  slot  a^  the  point  a'  will  coincide 
with  the  axis  of  rotation  of  the  index- 
head  spindle ;  for  the  slot  ^,  the  point  b'  fig.  is. 
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must  coincide  with  the  axis  just  mentioned.  Fine. center- 
punch  marks  may  be  made  at  these  points;  the  work  can 
then  be  trued  up  either  with  the  face  plate  mounted  on  the 
milling-machine  spindle  or  temporarily  mounted  in  any 
suitable  lathe  that  is  available.  The  slots  should  be  milled 
with  an  end  mill ;  the  feeding  is  then  done  by  rotating  the 
index-head  spindle,  and,  hence,  the  face  plate. 


HOLDING  l^ORK  IN  JIGS. 

22«  Purpose  of  Jigs. — When  a  great  number  of  equal 
pieces  are  to  be  finished  by  milling,  and  especially  when 
their  form  is  such  that  they  cannot  be  readily  held  in  the 
vise  or  on  the  table  in  a  simple  and  efficient  manner,  they 
can  often  be  held  to  advantage  in  special  holding  devices 
called  milling:  Jlffs. 

A  properly  constructed  milling  jig  should  serve  simul- 
taneously for  two  different  purposes  in  order  to  warrant  the 
expense  of  constructing  it.  In  the  first  place,  it  must  hold 
the  work  securely  without  distorting  it,  leaving  the  surfaces 
to  be  machined  exposed  to  the  cutter;  in  the  second  place, 
the  act  of  clamping  must  automatically  aline  the  work 
properly  for  the  subsequent  cutting  operation. 

Milling  jigs  may  be  constructed  in  a  great  variety  of  ways 
to  suit  the  nature  of  the  work,  and  no  specific  rules  can  be 
given  as  to  how  they  can  best  be  constructed.  A  number 
of  actual  examples  are  here  given;  these  examples  will 
serve  as  suggestions  of  what  may  be  done. 

*  23»  Spllnlng  Jig. — Fig.  13  shows  a  jig  designed  for 
holding  shafts  for  key-seating  or  splining,  plain  cutters 
being  used  for  the  purpose ;  it  is  intended  for  milling  two 
shafts  simultaneously,  as  a  general  rule,  but,  as  will  become 
apparent  when  its  construction  is  studied,  it  can  be  used  for 
machining  one  shaft  at  a  time.  Referring  to  the  illustra- 
tion, a  false  table  a  is  bolted  to  the  milling-machine  table. 
This  false  table  has  two  parallel  V  grooves  milled  in  it 
throughout  its  length ;  these  grooves  are  parallel  to  the  line 
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of  motion  of  the  milling-machine  table.  The  shafts  b^  b^ 
which  are  to  be  splined  or  key-seated,  are  laid  into  these 
grooves  and  are  clamped  by  means  of  the  clamps  r,  r,  and  d. 
It  is  thus  seen  that  e^ch  shaft  is  held  by  two  clamps  at  each 
clamping  point.  Owing  to  the  way  in  which  the  clamps 
must  be  applied  in  order  to  be  clear  of  the  milling  cutters 
^,  Cy  one  clamp  would  fail  to  insure  a  rigid  holding  of  the 
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work,  since  it  would  not  press  the  work  with  an  equal  pres- 
sure against  both  sides  of  the  V  groove.  This  inequality  of 
pressure  is  corrected  by  applying  a  second  clamp  opposite 
the  first.  The  jig  is  adapted  for  different  sizes  of  shafts  by 
making  the  blocking  for  the  clamps  r,  c  adjustable  for 
height.  The  blocking  consists  of  studs  f^f  with  nuts 
screwed  on  them;  the  clamps  r,  c  have  clearance  holes  in 
them  for  the  studs  to  pass  through,  and  rest  on  the  nuts, 
which  are  screwed  up  or  down  to  suit  different  diameters  of 
work. 


24.  The  design  shown  is  so  constructed  that  shafts  may 
be  automatically  lined  up  so  as  to  have  two  keyways,  or 
splines,  cut  diametrically  opposite  each  other;  the  design  can 
readily  be  modified  to  cut  the  keyways  at  any  predetermined 
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angle  with  each  other.  For  the  purpose  of  insuringf 
a  correct  location  of  the  second  keyway,  a  rectangular 
groove,  as  g  or  h,  is  cut  in  the  false  table ;  a  block  i,  with  a 
tongue  that  fits  the  key  seat,  or  spjine,  previously  cut,  is 
placed  into  the  groove  and  the  work  is  then  placed  on  top 
with  the  key  seat,  or  spline,  engaging  the  tongue  of  the 
block. 

25<  Special  S\%, — Fig.  14  {a)  shows  a  machine  part 
that  is  to  have  a  dovetailed  groove  a  cut  into  the  bottom  in 
line  with  the  axis  of  the  two  holes  bored  through  the  stand- 
ards b,  b.  Owing  to  the  shape  of  the  work,  it  is  rather  diffi- 
cult to  hold  it  properly  for  machining,  and  it  will  become  a 


rather  expensive  job  if  a  number  of  such  castings  are  to  be 
finished.  The  work  may,  however,  be  securely  held,  quickly 
set,  and  automatically  lined  up  by  the  use  of  the  jig  shown 
in  Fig.  li  {*). 

This  jig  consistsof  a  body  c  that  is  bolted  to  the  milling- 
machine  table.  It  has  three  brackets  with  V  grooves  milled 
in  the  top  of  them  in  line  with  the  line  of  motion  of  the 
table.  A  cylindrical  mandrel  is  passed  through  the  holes  in 
the  standards  of  the  work ;  this  mandrel  is  then  laid  into  the 
V  grooves  and  clamped  by  means  of  the  bolts  and  clamps 
shown.  The  free  end  of  the  work  is  lined  up  for  height  by 
means  of  the  jack-screws  d  and  e,  and  is  finally  confined  by 
the  clamp/. 
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26.  Gib  Jig. — Fig.  15  shows  a  jig  designed  for  holding 
gibs  to  allow  the  angle  on  the  edges  to  be  finished  with  an 
end  mill.     The  jig  consists  of  a  body  a,  which  is  bolted  to 

h 


m 


@ 


(^ 


R 


.m. 


Pig.  15. 


the  table.  The  upper  ^^%'^  of  the  body  is  recessed  to  hold 
the  gib  b  at  the  proper  angle;  two  clamps  r,  c  are  used  for 
holding  the  gib  to  the  jig. 

27.     Multiple   Jiffs. — A   number  of  pieces  may  occa- 
sionally be  held  at  once  in  a  jig  in  order  to  have  some  simple 


milling  operation  performed  on  them,  as,  for  instance,  the 


C.S.    lL—26 


18 


MILLING-MACHINE  WORK, 


§15 


squaring  up  of  the  ends  of  rails,  as  shown  in  Fig.  16  {a)^  or 
the  squaring  up  of  the  ends  of  round  work,  as  shown  in 
Fig.  16  {6).  In  the  first  case,  a  yoke  a  is  bolted  to  the  table 
of  the  milling  machine  by  means  of  the  studs  i,  b.  This 
yoke  carries  the  setscrews  c^  c.  The  rails  are  confined  side- 
wise  by  the  setscrews  d^  d,  which  push  each  set  of  rails 
against  the  central  packing-block  e. 

28«  In  Fig.  16  (^),  a  bracket  a  is  bolted  to  the  table  of  a 
milling  machine;  the  bottom  of  the  bracket  has  a  rectan- 
gular opening  in  which  the  rods  are  placed  and  then  confined 
by  tightening  the  setscrew  b.  The  act  of  tightening  the 
setscrew  causes  the  round  rods  to  spread  so  that  the  outer 
ones  come  in  contact  with  the  sides  of  the  opening;  since 
each  rod  is  in  contact  with  at  least  two  others,  they  will  all 
be  held  firmly. 


VSB  OP  THE  STEADY  KB8T. 

29*  Purpose  and  Application. — As  implied  by  the 
name,  the  steady,  rest  used  in  milling-machine  work  is 
used  for  supporting  slender  work  against  the  pressure  of  the 
cutting  operation.     Steady  rests  may  be  made  in  quite  a 


Fig.  17. 


number  of  ways  to  suit  special  jobs;  Fig.  17  shows  one  form 
and  incidentally  gives  its  application  to  work  held  between 
the  centers.  The  steady  rest  has  a  base  a^  which  is  bolted 
to  the  milling-machine  table  in  a  position  about  midway 
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between  the  ends  of  the  work.  A  flat-ended  setscrew  b, 
having  a  check-nut  c,  is  screwed  into  the  top  of  the  base,  and 
is  adjusted  by  turning  until  it  is  just  in  contact  with  the 
bottom  of  the  work.  The  check-nut  is  then  set  up  in  order 
to  lock  the  setscrew. 

30.     Supportlns  Work  Sldewlse. — A  flat-ended  set- 
screw  will  support  the  work  in  a  vertical  plane,  but  will  not 
support  it  sidewise.     For  some  classes  of  work, 
as,  for  instance,  when  fluting  small  taps  held  in  a 
chuck,  it  is  a  decided  advantage  to  support  the 
work  sidewise  as  well,  since,  in  that  case,  the  cut 
develops  a  sidewise  bending  action.     For  this  pur- 
pose, the  steady  rest  may  be  made  with  a  setscrew 
having  a  V  groove  cut  into  its  end,  as  shown  in 
Fig.  18.     Such  a  setscrew  should  not  be  screwed 
into  the  base,  but  should  closely  fit  a  cylindrical      ^"'-  "■ 
hole  reamed  in  it;  a  nut  c,  applied  as  shown  in  Fig.  17,  is 
then  used  for  bringing  the  setscrew  in  contact  with  the  work. 


Fig.  19  shows  an  application  of  a  sttady  rest  with  a 
V-ended  setscrew  to  work  held  in  a  chuck;  in  this  particu- 
lar case,  the  work  is  a  tap  that  is  to  be  fluted.  Since  the 
work  itself  will  hold  the  setscrew  from  turning,  there  js  no 
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need  of  splining  it  and  fitting  a  feather  to  the  base,  as  is 
occasionally  done. 

31.  Limitations  of  Ordinary  Steady  Rest. — The 

ordinary  steady  rest  supplied  by  manufacturers,  of  which 
the  one  shown  in  Fig.  17  is  an  example,  will  answer  very 
well  for  comparatively  stiff  work,  but  since  it  supports  the 
work  at  one  point  only,  as  can  be  seen  by  referring  to  Fig.  17, 
it  will,  if  the  work  is  slender,  still  allow  considerable  bend- 
ing of  the  unsupported  parts  during  the  cutting  operation. 

32.  The  ideal  steady  rest  will  always  support  the  work 
directly  beneath  the  cutter;  this  condition  can  be  attained 
in  two  ways  for  cylindrical  work;  that  is,  either  by  a  spe- 
cial steady  rest  made  to  suit  flie  nature  of  the  work,  and  con- 
structed in  such  a  manner  as  to  support  the  work  through 
its  whole  length,  or  by  a  follow  rest  attached  to  the  frame 
of  the  machine  and  adjusted  so  as  to  be  directly  beneath  the 
cutter. 

A  follow  rest  is  open  to  practical  objections,  one  of  which 
is  that  it  is  applicable  to  none  but  cylindrical  work,  and  to 
that  only  when  the  direction  of  the  cut  is  parallel  to  the  axis 
of  the  work.  Another  objection  is  the  difficulty  of  attach- 
ing and  designing  it  in  such  a  manner  as  to  have  a  fairly 
satisfactory  range  of  application. 
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33.     Universal  Steady  Rest. — Fig.  20  shows  how  a 
rather  satisfactory  universal  steady  rest  applicable  to  straight 
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and  taper  work  may  be  constructed  for  a  horizontal  milling 
machine.  There  are  two  bases  a  and  by  which  carry  jack- 
screws  and  adjusting  nuts.  The  ends  of  the  jack-screws 
form  eyes  that  are  hinged  to  a  supporting  bar  Cy  which  may 
have  a  V  groove  milled  in  its  upper  side  or  be  flat  on  top. 
As  shown  in  the  figure,  it  can  readily  be  adjusted  to  suit 
taper  work.  Its  range  of  usefulness  can  be  extended  by 
having  several  bars  of  different  lengths. 


INDEXING. 


SIMPLE  INDBXINO. 

34.  Definitions.  —  There  are  many  designs  of  index 
heads  in  the  market  and  in  use  that  differ  only  in  detail  and 
arrangement.  All  these  designs  make  use  of  at  least  one  of 
two  methods  of  dividing  the  periphery  of  circular  work  into 
equal  parts,  and  some  designs  make  use  of  both  methods. 
The  process  of  dividing  the  circle  by  means  of  the  index 
head  is  known  in  shop  parlance  as  Indexing*  The  two 
methods  of  indexing  that  are  in  use  may  be  classified  as 
direct  indexing  and  indirect  indexing. 

Direct  Indexing  is  done  by  the  aid  of  an  index  plate 
fastened  direct  to  the  index-head  spindle ;  that  is,  the  index 
plate  is  moved  to  obtain  the  divisions. 

In  Indirect  Indexing,  the  index  plate  is  normally  sta- 
tionary, and  the  index-head  spindle  is  rotated  by  the  use  of 
suitable  gearing.  Indirect  indexing  is  divided  into  two 
classes,  which  are  known,  respectively,  as  simple  and  cotn- 
pound  indexing.  In  simple  indexing,  only  one  movement 
of  the  indexing  mechanism  is  required;  in  compound  index- 
ing, two  movements  are  made. 

35.  Construction  of  Indexing  Meclianlsm. — Fig. 
21  shows  the  indirect  indexing  arrangement  reduced  to  the 
elementary  form  in  which  it  appears  in  all  index  heads 
adapted  to  indirect   indexing.     The   arrangements  of  the 
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details  may  vary  in  different  designs,  but  the  principle  in- 
volved is  common  to  all.  The  index-head  spindle  a  has 
fastened  to  it  a  worm-wheel  b\  a  worm  c,  which  is  keyed  to 
the  worm-shaft  d,  meshes  with  the  worm-wheel.  The  worm- 
shaft  carries  at  one  end  a  radially  adjustable  crank  t, 
which  is  fitted  with  a  latch  pin  _/ having  a  cylindrical  pro- 
jection that  fits  the  holes  of  the  stationary  index  plate  g. 
The  index  plate  is  usually  kept  from  rotating  by  means  of 
an  axially  movable  pin,  called  the  stop-pin,  which  is  fitted 
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to  the  frame.  This  stop-pin  can  be  withdrawn  in  order  to 
allow  the  index  plate  to  be  rotated,  should  this  become  nec- 
essary. In  most  designs  of  index  heads,  the  position  of  the 
stop-pin  in  respect  to  the  axis  of  the  worm-shaft  is  fixed;  in 
other  words,  it  can  be  made  to  engage  with  only  one  row  or 
circle  of  holes  in  the  index  plate.  There  are  some  designs, 
however,  where  the  stop-pin  is  fitted  to  the  frame  of  the 
index  head  in  such  a  manner  that  it  can  be  shifted  to  engage 
any  row  of  holes  in  the  index  plate. 

36.  Calculatloe  Turns  of  Index  Crank. — Refer* 
ring  now  to  the  illustration,  it  will  be  apparent  that  the 
part  of  a  revolution  made  by  the  index-head  spindle  for  one 
complete  turn  of  the  worm-shaft  depends  on  the  number  of 
teeth  of  the  worm-wheel,  and  whether  the  worm  has  a 
single  thread  or  a  double  thread.     All  modern  index  heads 
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regularly  manufactured  use  a  single-threaded  worm,  and, 
for  these,  one  turn  of  the  worm  will  produce  that  part  of 
the  revolution  of  the  index-head  spindle  represented  by  the 

fraction  r 7 77-^- \ — ?•     Now,  suppose 

number  ot  teeth  m  worm-wheel 

that  the  latch  pin  y  engages  the  index  circle  having  20  holes, 
and  that  it  is  moved  from  one  hole  to  the  next  adjoining  one. 
Then,  the  worm  is  rotated  ^  of  a  revolution;  assuming 
the  worm-wheel  to  have  40  teeth,  the  index-head  spindle 
is  revolved  ^  X  yV  =  t^tt  P^^^  ^'  ^  revolution,  and,  hence, 
by  making  successive  moves  of  1  hole  in  the  index  circle 
having  20  holes,  a  circle  is  divided  into  ^^  =  800  parts. 

37«  Now,  suppose  that,  instead  of  moving  the  latch  pin 
only  1  hole,  it  is  moved  5  holes.  Then,  the  worm-shaft 
makes  ^  of  a  revolution,  the  index-head  spindle  makes 
^  X  A  =  Y^  of  a  turn,  and,  hence,  a  circle  is  divided  into 
A^  =  150  parts.  From  the  foregoing  explanation  of  the 
principle  involved,  the  following  rule  is  deduced : 

Rule* — To  obtain  the  number  of  turns  the  index  crank 
must  make^  divide  the  number  of  turns  required  for  one  revo- 
lution of  the  index-head  spindle  by  the  number  of  divisions 
into  which  the  periphery  of  the  work  is  to  be  divided. 

Example. — In  a  certain  make  of  index  head,  the  crank  must  make 
40  revolutions  to  produce  1  revolution  of  the  index  spindle.  How 
many  turns  must  the  crank  make  to  divide  the  periphery  of  the  given 
work  into  6  parts  ? 

Solution. — Applying  the  rule  just  given,  we  get 

40  -h  6  =  6}  turns.     Ans. 

38.  Selecting  tbe  Index  Circle.  — Taking  the  ex- 
ample of  Art.  37,  it  has  been  calculated  that  6  whole  turns 
and  f  of  a  turn  are  required.  The  question  now  arises: 
How  can  we  measure  f  of  a  turn  ?  For  convenience  of 
measuring  fractional  parts  of  a  turn  of  different  values,  as 
■f  of  a  turn,  ^  of  a  turn,  yV  ^f  ^  turn,  f  of  a  turn,  etc.,  the 
index  plate  is  provided  with  several  concentric  index  circles, 
each  circle  having  a  different  number  of  holes;  several  more 
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index  plates  are  provided  in  order  to  extend  the  range  of 
divisions  obtainable. 

39.  With  the  latch  pin  adjusted  to  the  circle  having 
20  holes,  as  in  Fig.  21,  to  measure  f  of  a  turn,  the  pin  would 
evidently  have  to  be  moved  20  X  f  =  13J  holes.  But  it  is  much 
more  convenient  and  also  safer  to  move  the  latch  pin  an  in- 
tegral number  of  holes;  this  is  done  by  selecting  a  suitable 
index  circle.  The  index  circle  that  is  to  be  used  is  the  one 
having  a  number  of  holes  divisible,  without  a  remainder,  by 
the  denominator  of  the  fraction  expressing  the  fractional 
part  of  a  turn  of  the  index  crank.  Referring  again  to  Fig.  21, 
it  is  seen  that  the  index  circles  have  20,  19,  18,  17,  16,  and 
15  holes.  It  will  be  noticed  that  there  are  two  index  circles 
divisible  by  the  denominator  3  of  the  fractional  part  of  turn, 
which  are  the  18-hole  and  15-hole  circles.  This  shows  that 
either  one  of  these  two  circles  may  be  used. 

Suppose  we  use  the  index  circle  having  15  holes.  Then, 
to  make  f  of  a  turn,  the  latch  pin  must  be  moved  15  X  f  =  10 
holes.  If  the  circle  having  18  holes  is  used,  the  latch  pin 
must  be  moved  18  X  f  =  12  holes.  From  the  foregoing  state- 
ments, the  following  rule  is  obtained: 

Rule. —  To  measure  fractional  parts  of  a  turn  of  the  index 
cranky  select  an  index  circle  having  a  7jumber  of  holes  that  is 
divisible  by  the  denominator  of  the  fractio7i  when  reduced  to 
its  lowest  terms.  Multiply  the  number  of  holes  in  the  index 
circle  thus  selected  by  the  fraction  to  obtain  the  number  of 
holes  that  the  latch  pin  must  be  moved  for  the  fractional  part 
of  a  turn. 

Example. — In  a  given  index  head,  40  turns  of  the  index  crank  will 
produce  one  turn  of  the  index-head  spindle.  How  many  turns  must 
the  index  crank  make,  and  what  index  circle  would  be  used  to  divide 
the  periphery  of  work  into  28  divisions?  The  index  plate  available 
has  the  following  number  of  holes  in  the  various  circles,  87,  89,  41,  43. 
and  49. 

Solution.— By  the  rule  given  in  Art.  37,  to  obtain  28  divisions,  the 
index  crank  must  make  |g  =  1J|  turns.  Reducing  the  fraction  giving 
the  fractional  part  of  a  turn  to  its  lowest  terms,  we  get  f.  Now, 
according  to  the  rule  given  in  Art.  39,  we  select  the  index  circle 
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having  49  holes,  it  being  the  only  one  having  a  number  of  holes  divisible 
by  7.  The  number  of  holes  that  the  latch  pin  must  be  moved  is 
49  X  I  =  21. 

Then,  to  obtain  28  divisions,  make  one  complete  turn  and  move  the 
latch  pin  21  holes  additional  in  the  circle  having  49  holes.     Ans. 

40.  Use  of  Sector. — The  sector  is  a  device  used  in 
connection  with  an  index  plate  primarily  for  the  purpose  of 
saving  the  labor  of  counting  the  number  of  holes  for  each 
move  of  the  latch  pin,  and  incidentally  for  obviating  mis- 
takes in  counting.     Pig.  22  shows  a  sector  in  place  on  an 


Fig.  22. 

index  plate.  The  sector  consists  of  two  radial  arms  a  and  by 
which  are  so  put  together  that  the  angle  included  between 
them  can  be  changed;  the  two  arms  can  be  locked  by  tight- 
ening the  screw  c. 

After  the  index  crank  has  been  adjusted  so  that  the  latch 
pin  will  drop  fairly  into  the  holes  of  the  index  circle  that 
has  been  selected,  say  the  circle  having  18  holes  in  Fig.  22, 
drop  the  latch  pin  into  one  of  the  holes  of  that  circle,  as  d^ 
for  instance.  Bring  the  arm  a  against  the  left  side  of  the 
latch  pin  and  then  move  the  arm  b  in  the  same  direction  in 
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which  the  latch  pin  is  to  turn,  as  in  the  direction  of  the 
arrow  x^  until  the  required  number  of  holes  in  the  circle 
used  is  between  the  latch  pin  and  the  arm  b.  Then  lock 
the  arms  together.  Thus,  if  it  is  required  to  move  5  holes 
in  the  index  circle  having  18  holes,  place  the  arm  b  in  the 
position  it  occupies  in  the  illustration.  In  setting  the  arms 
of  the  sector,  always  observe  the  precaution  of  omitting  to 
count  the  hole  in  which  the  latch  pin  is  inserted;  that  is, 
count  the  hole  next  to  this  as  the  first  hole.  After  the  cut 
has  been  taken,  withdraw  the  latch  pin  and  make  the  re- 
quired number  of  whole  turns  of  the  index  crank,  using  the 
hole  from  which  the  latch  pin  was  withdrawn  as  the  start- 
ing point.  Then  move  the  index  crank  until  the  latch  pin 
will  drop  into  the  hole  indicated  by  the  arm  b  of  the  sector, 
drop  it  in  and  immediately  revolve  the  sector  until  the  arm  a 
is  against  the  latch  pin,  or  in  the  position  shown  in  dotted 
lines. 

41.  Index  Tables.  —  The  manufacturers  of  milling 
machines,  as  a  general  rule,  will  furnish  tables  with  their 
index  heads  that  give  all  the  divisions  that  can  be  obtained 
by  simple  indirect  indexing.  In  these  tables,  under  the 
heading  **  Number  of  Turns  of  Crank,"  the  number  of 
turns  and,  if  necessary,  fractional  parts  of  a  turn,  are  given. 
The  fractional  part  of  a  turn  is  usually  given  as  a  fraction, 
the  denominator  of  which  gives  the  number  of  holes  in  the 
index  circle  that  is  to  be  used ;  the  numerator  denotes  the 
number  of  holes  of  that  Circle  that  the  latch  pin  is  to  be 
moved  in  addition  to  the  whole  turns.  When  no  fractional 
part  of  a  revolution  is  required,  any  index  circle  may  be 
used.  If  no  table  is  available,  the  crank  movements  must 
be  calculated  in  the  manner  explained. 

42.  Effect    of   Changring:    Klevation    of   Head. — 

When  the  index  head  is  elevated  or  depressed  while  work  is 
attached  to  the  spindle,  it  will  be  found  that  the  spindle  is 
rotated  slightly  by  the  act  of  changing  the  angle,  since  a 
change  in  the  angle  rotates  the  worm-wheel  about  the  worm, 
which  is  the  same  as  rotating  the  worm  in  the  opposite 
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direction.  For  this  reason,  the  work  must  be  reset  after 
each  change  of  the  angle  of  the  index  head.  This  is  done 
by  rotating  it  in  the  required  direction  by  means  of  the 
index  crank. 


COMPOUND  INDGXING. 

43«  Operation. — By  the  method  of  simple  indexing, 
the  range  of  divisions  obtainable  is  limited  to  certain  num- 
bers depending  directly  on  the  number  of  index  circles,  and 
the  number  of  holes  in  them,  that  are  available.  The  range 
of  divisions  can,  however,  be  greatly  extended  by  a  method 
known  as  compound  indexing:*  The  fundamental  prin- 
ciple underlying  compound  indexing  may  be  explained  as 
follows:  In  Fig.  21,  let  the  latch  pin  /  be  adjusted  to  the 
20-hole  index  circle,  and  let  the  stop-pin  be  adjusted  to  the 
19-hole  index  circle.  Now,  withdraw  the  latch  pin  and 
move  the  crank  one  hole,  dropping  the  latch  pin  into  the 
hole.  Withdraw  the  stop-pin  from  the  index  plate  and  then 
rotate  the  index  plate  one  hole,  or  -j^  of  a  turn,  in  the  same 
direction  in  which  the  index  crank  was  turned.  Evidently, 
the  worm  c  has  been  rotated  ^^  -j-  ^  =  ^Yir  ^'  ^  turn,  which 
is  a  part  of  a  turn  that  ordinarily  could  not  be  measured 
without  an  index  plate  having  a  circle  with  380  holes.  Now, 
instead  of  moving  the  index  plate  in  the  same  direction  as 
the  index  crank,  move  it  in  the  opposite  direction.  Then, 
the  wor/n,  as  the  result  of  the  two  movements,  will  have 
been  rotated  ^^^  —  ^  =  ^-^  of  a  turn ;  a  result  that,  as  be- 
fore, could  not  ordinarily  be  measured  with  the  index  plate 
shown.  It  is  thus  seen  that  compound  indexing  consists  of 
two  successive  simple  indexing  operations;  the  result  of  the 
two  operations  is  either  the  sum  or  the  difference  of  the  two 
simple  indexings. 

44.  Calculating:  the  Moves. — The  moves  required 
for  compound  indexing  may  be  calculated  by  the  following 
rule,  which  has  been  deduced  algebraically : 

Rule. — Factor  the  number  of  divisions  it  is  desired  to 
obtain.      Choose  an   index  plate  and  two  circles  of  holes 
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thereon  for  trial ;  take  the  difference  of  the  number  of  holes 
in  the  two  circles  and  factor  this  difference.  Draw  a  hori- 
zontal line  under  the  factors.  Nexty  factor  the  number  of 
turns  of  the  index  crank  required  for  one  turn  of  the  index- 
head  spindle  and  write  the  factors  below  the  horizontal  line. 
Factor  the  number  of  holes  in  the  two  chosen  circles^  and 
write  their  factors  also  below  the  line,  Next^  cancel  equal 
factors  above  and  below  the  line.  If  all  factors  above 
the  line  cancel^  it  is  possible  to  obtain  the  proposed  fiumber 
of  divisions  by  means  of  the  two  chosen  circles.  The  number 
of  holes  to  be  gone  forwards  in  one  circle  and  backwards 
in  the  other  circle  are  obtained  by  multiplying  together  the 
remaining  factors  below  the  line.  Special  attention  is  called 
to  the  fact  that  in  case  all  the  factors  above  the  line  do 
not  cancel  out^  two  other  circles  must  be  tried  until  the 
desired  result  is  obtained  or  the  possible  combinations  have 
been  exliausted.  In  case  the  division  is  feasible^  write  a  plus 
sign  before  one  move  and  a  minus  sign  before  the  other  move 
to  signify  that  they  are  opposite  in  direction. 

Example. — It  is  desired  to  obtain  01  divisions  with  an  index  head  in 
which  40  turns  of  the  crank  shall  produce  1  revolution  of  the  index- 
head  spindle.  What  are  the  moves  that  are  required  in. case  it  is  found 
that  91  divisions  can  be  obtained  by  compound  indexing  ? 

Solution. — Choose  two  circles  for  trial,  say  those  having  21  and 
31  holes.     By  the  rule  just  given,  we  have 

91  =  7  X  13 
81  -  21  =  10  =  ;2  X  ? 


40  =  ;2X2X2X? 
31  =  31  X  1 

21  =  3  X  r 


It  will  be  noticed  that  the  factor  13  above  the  line  does  not  cancel 
out:  this  shows  that  the  proposed  division  cannot  be  obtained  with 
circles  having  31  and  21  holes.  By  trying  different  combinations,  it 
will  be  found  that  circles  having  39  and  49  holes  will  answer;  thus: 

ftl  =  7  X  ;3 

49  -  39  =  10  =  ;Z  X  ^ 

40  =  ;2X2X2X^ 
49  =  7  X  7 

39  =  3  X  ;3 


J 
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It  is  seen  that  all  the  factors  above  the  line  cancel  out.  Multiplying 
the  remaining  factors  below  the  line  together,  we  get  2x2x7x3  =  84; 
that  is,  in  order  to  obtain  91  divisions,  we  must  go  forwards  84  holes  in 
the  49-hole  circle,  and  backwards  84  holes  in  the  39-hole  circle ;  or,  go 
forwards  84  holes  in  the  39-hole  circle  and  go  backwards  84  holes  in  the 
49-hole  circle.     Writing  the  moves  as  directed  in  the  rule,  they  are 

+  !♦  -  W.  or  +  «  -  tl-    Ans. 

45.  In  case  the  number  of  holes  in  one  or  both  of  the 
chosen  index  circles  are  prime  numbers,  it  is  to  be  observed 
that  the  factors  will  be  the  number  itself  and  1.  Thus,  the 
factors  of  17  are  17  X  1 ;  the  factors  of  13  are  13  X  1,  and 
so  on. 

46.  Simplifying  tlie  Moves.  —  The  counting  of  a 
large  number  of  holes,  especially  for  the  motion  of  the  index 
plate  where  no  sector  can  readily  be  used,  is  a  tedious  job, 
and  errors  are  very  liable  to  occur  in  counting.  In  many 
cases,  the  results  obtained  by  the  rule  in  Art.  44  can  be 
greatly  simplified  by  a  calculation  that  only  involves  a 
knowledge  of  algebraic  addition. 

The  rules  of  algebraic  addition  are  very  simple  and  easily 
remembered.  When  the  signs  are  alike,  add  as  in  ordinary 
addition  and  prefix  the  common  sign.  For  instance,  the 
sum  of  +21  and  +11  is  +32,  and  the  sum  of  —12  and  —7 
is  -19.      ■ 

When  the  signs  are  unlike,  in  order  to  add,  subtract  the 
smaller  value  from  the  larger  value,  and  prefix  the  sign  of 
the  larger  value.  Thus,  the  sum  of  +18  and  —24  is  —6; 
of  +18  and  —12  is  +6;  of  —7  and  +3  is  —4,  etc. 

The  algebraic  addition  of  common  fractions  is  performed, 
after  reduction  to  a  common  denominator,  by  operating  upon 
their  numerators  only;  thus,  to  add  +f  and  —J,  they  must 
first  be  reduced  to  a  common  denominator.  This  is  3  X  5 
=  15.  Then  f  =  ^f ,  and  i  =  ^.  Adding  '+{i  and  -^, 
we  get  +Y7  as  the  sum. 

47.  Taking  the  example  given  in  Art.  44,  the  forward 
move  is  +|-J,  that  is,  84  holes  in  the  circle  having  49  holes, 
and  the  backward  move  is  —  f^-     Now,   it  can  be  shown 
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mathematically  and  by  trial  that  the  result  will  not  be  altered 
if  we  add  algebraically  any  convenient  nuniber  of  whole 
turns  or  a  part  of  a  turn,  or  a  whole  turn  and  a  part  of  a  turn, 
with  a  minus  sign  prefixed,  to  the  forward  move,  and  add 
algebraically  the  same  amount  with  a  plus  sign  prefixed  to 
the  backward  move.  Thus,  say,  that  we  add  one  turn  to 
each  move.  Then,  one  complete  turn  =  |^  and  ||.  Per- 
forming the  operation  we  get 

+  H-H 
+  ii-ih 

or  35  holes  forwards  in  the  index  circle  having  49  holes  and 
45  holes  backwards  in  the  circle  having  39  holes.  It  may 
be  possible  to  reduce  these  moves  to  a  still  simpler  form. 
To  discover  if  this  is  possible,  add  algebraically  one  or 
more  turns  or  parts  of  a  turn,  or  whole  turns  and  part  of 
a  turn,  to  each  move,  prefixing  the  plus  and  minus  signs 
as  previously  directed. 

Suppose  one  turn  is  added.     We  then  get 

+  H-H 
-  H  +  H 

That  is,  the  one  move  is  14  holes  in  the  index  circle  hav- 
ing 49  holes,  and  the  other  move  is  6  holes  in  the  39-hole 
circle.  It  will  be  observed  that  the  addition  of  one  turn  gave 
like  signs  to  the  two  moves ;  this  means  that  both  moves  must 
be  made  in  the  same  direction, 

48.  In  order  to  obtain  154  divisions  by  compound  in- 
dexing, the  33-hole  and  21-hole  index  circles  can  be  used, 
and  the  moves  are  found  thus: 

1&4  =  ^  X  ;  X ;; 

83  -  21  =  12  =  2  X  ?  X  ^ 


40  =  ;2X?X^X5 
33  =  ;3  X  n 
21  =  3  X  ;, 


• —  » 
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Multiplying  the  remaining  factors  together,  we  get  3x5 
=  15,  or  moves  of  +  H  -  ih  or  +  H  -  U- 

Simplifying  by  adding,  say,  1  turn  to  the  moves  first 
named,  we  get 

+  H-ii 

In  this  particular  case,  an  excellent  example  presents 
itself  of  still  further  simplifying  the  moves  by  the  algebraic 
addition  of  a  fractional  part  of  a  turn.  Let  J  of  a  turn 
be  added.  Now,  J-  of  a  turn,  with  an  index  circle  having 
21  holes,  means  ^f  of  a  turn  of  the  index  crank.  Likewise, 
f  of  a  turn  with  an  index  circle  having  33  holes,  means  fl  of 
a  turn  of  the  index  crank.  Then,  adding  these  values  with 
the  proper  signs  prefixed,  we  get 

-Jf  +  M 

As  it  does  not  make  the  least  difference  in  the  result  as  to 
the  direction  in  which  the  moves  are  made,  as  long  as  they 
are  made  in  opposite  directions  (the  fact  of  the  signs  being 
unlike  indicates  that  they  must  be  opposite  in  direction),  the 
moves  may  be  -{-j\  and  —^  without  affecting  the  result. 

The  moves  may,  in  this  particular  case,  be  still  further 
simplified  by  the  algebraic  addition  of  J  of  a  turn.  J  of  a 
turn  =  •^,  and  -J^.     Then, 

+  A-A 

-y't  +  H 

+  i^  +  A. 

» 

Since  the  moves  have  like  signs,  both  moves  are  to  be 
made  in  the  same  direction. 

49.  There  is  no  general  rule  that  can  be  given  for 
determining  hoAV  much  to  add  algebraically  to  each  move  in 
order  to  reduce  it  to  a  simpler  form.  This  is  purely  a 
matter  of  judgment  and  experiment.     It  is  to  be  observed. 
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however,  that  when  a  partial  turn  is  added,  the  denominator 
of  the  fraction  expressing  the  partial  turn  must  be  a  com- 
mon factor  of  the  denominators  of  the  two  fractions 
expressing  the  two  moves.  Thus,  ^  oi  a,  turn  should  not  be 
added  to  4-^  and  —  H»  since  7  is  not  a  factor  common  to 
both  21  and  33. 

50.  In  relation  to  compound  indexing,  it  may  be  re- 
marked that  it  should  not  be  used  when  the  required 
divisions  can  be  obtained  by  direct  indexing.  The  reason 
for  this  may  be  found  in  the  fact  that  the  chances  of  making 
an  error  are  much  greater  with  the  compound  indexing, 
since,  for  at  least  one  of  the  movements,  the  holes  must 
actually  be  counted. 


MILLING-MACHINE  WORK. 

(PART  4.) 


USE  OF  THE  MILLING   MACHINE. 


INDEXING. 


THE  SPIRAL- HEAD. 

1.  Introduction. — By  the  use  of  the  improved  spiral 
liead  now  furnished  by  the  Brown  &  Sharpe  Company, 
both  simple  and  compound  indexing  can  be  performed 
readily.  The  simple  indexing  does  not  differ  from  that 
already  explained,  but  the  differential  indexing  is  accom- 
plished through  a  train  of  gearing  without  having  to  rotate 
the  index  plate  a  certain  number  of  holes  by  hand  each 
time.  The  system  previously  explained  can  be  used  on  the 
new  spiral  heads,  but  only  the  new  spiral  heads  are  arranged 
to  accomplish  differential  indexing  with  the  same  ease  and 
facility  that  simple  indexing  is  done.  Other  spiral  heads  on 
universal  milling  machines  might  be  changed  so  as  to 
operate  the  index  dial  by  the  index  crank  in  a  similar  manner 
to  that  used  in  the  improved  index  heads. 

2.  Tlie  Gearins  of  tlie  Improved  Spiral  Head. 

The  gearing  of  the  improved  spiral  head  is  shown  in 
Fig.  1.  (a)  and  {6),  The  index  crank  is  shown  at  a  con- 
nected to  the  index  dial  d  by  the  pin  that  slides  in  the  handle 
of  the  crank.    At  r  a  miter  gear  is  shown  to  which  the  index 
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dial  is  fastened  by  screws.     The  shaft  shown  at  d  passes 
through  the  dial  and  miter  gear;  it  is  not  keyed  to  them, 


mmmn 


Pio.  1. 


but  moves  freely  without  affecting  their  motion.  A  right- 
handed  worm  shown  at  e  is  keyed  to  the  shaft  and  meshes 
with  the  worm-wheel/,  which  it  operates.    The  worm-wieel 
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in  this  case  has  40  teeth,  so  that  by  turning  the  index  crank, 
which  is  rigidly  connected  to  the  shaft  and  worm,  40  times, 
the  worm-wheel  and  index  head  rotate  one  complete  turn. 
Some  index  heads  are  Ifitted  with  worm-wheels  with  60 
instead  of  40  teeth,  but  the  other  arrangements  are  the  same 
as  shown  in  Fig.  1  (a)  and  (d).  On  the  outer  end  of  the 
spindle  ^ is  keyed  the  spur  gear  /t.  The  adjustable  bracket  / 
carries  a  bushing  that  is  free  to  turn  on  the  bracket  stud, 
and  to  which  are  keyed  the  two  spur  gears  j  and  k.  The 
geary  meshes  with  the  gear  A,  and  the  gear  k  meshes  with 
the  idler  /,  which  is  fastened  to  an  adjustable  bracket/.  The 
idler  serves  merely  to  change  the  direction  of  motion  of  the 
gear  ;//,  and  has  no  effect  on  the  relative  speeds  of  the  gears. 
Keyed  to  the  same  shaft  with  the  spur  gear  ;//  is  a  miter 
gear  //  that  meshes  with  the  miter  gear  c.  At  o  is  shown 
the  stop-pin  that  can  be  slipped  into  the  dial  to  hold  it  from 
rotating.  In  simple  indexing,  the  idler  /  or  the  compound 
gears y,  k  are  disengaged  from  the  gear-train,  and  the  stop- 
pin  o  is  slipped  into  the  dial,  thus  holding  it  in  position. 

When  using  the  head  for  differential  indexing,  the  stop- 
pin  0  is  disengaged  from  the  dial*^  and  the  gears. put  in 
mesh,  so  that  when  the  crank  a  is  turned,  the  gear-train 
transmits  the  motion  to  the  dial.  Any  of  the  gears  A,y,  k,  m 
can  be  removed  and  others  put  in  their  places  to  obtain 
different  gear  ratios,  or  in  other  words,  to  obtain  a  different 
number  of  revolutions  of  the  index  dial  to  one  revolution  of 
the  work. 

3.  Effect  of  Rotating  the  Index  Dial.— When  the 
gearing  is  arranged  as  shown  in  Fig.  1  (a)  and  (d),  the  index 
dial  rotates  in  the  opposite  direction  to  that  of  the  index 
crank.  If  the  idler  is  disengaged  and  the  gears  on  the 
bracket  i  are  brought  into  mesh  with  the  gears  //,  ;;/,  the 
index  dial  will  rotate  in  the  same  direction  as  the  index 
crank.  A  spacing  collar  on  the  shaft  that  carries  the  gear  A 
can  be  removed  when  only  one  gear  is  to  be  used  on  the 
bracket  i.  The  effect,  however,  is  the  same  as  having  the 
gearsy,  k  of  the  same  size. 
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If  the  index  dial  shown  in  Fig.  2  is  used  stationary, 
and  the  index  crankpin  is  rotated  in  the  direction  of  the 
arrow  jr,  it  will  be  necessary  for  the  crankpin  to  pass  the 

point  a  40  times,  or  to  make 
40  complete  revolutions,  to 
turn  the  index-head  spindle 
once.  If,  on  the  other  hand, 
the  gearing  is  so  arranged 
that  the  index  dial  is  turned 
once  in  the  same  direction 
as  the  crank  while  the  in- 
dex spindle  turns  once,  it 
will  be  necessary  for  the 
crankpin  to  pass  the  point  a 
only  39  times  in  order  to 
turn  the  index-head  spindle 
^*®-  ^-  once  around.     If  the  index 

dial  moves  in  the  opposite  direction  to  that  of  the  index 
crank,  with  the  same  gear  ratio,  then  the  crank  will  pass  the 
point  a  41  times  in  moving  the  index  spindle  one  turn. 

The  number  of  times  the  index  crankpin  passes  the  start- 
ing point  plus  the  fractional  part  of  a  turn  it  passes  beyond 
that  point  has  been  appropriately  called  the  index-reckoning 
number.  The  reason  for  adding  the  fractional  part  of  the 
dial  that  the  index  crank  passes  over  is  because  the  dial  may 
be  so  geared  as  to  make  a  fractional  number  of  turns  while 
the  crank  makes  40  complete  revolutions. 

For  example,  suppose  the  dial  moves  %\  times  around  in 
the  opposite  direction  to  the  arrow  while  the  crankpin  moves 
in  the  same  direction  as  the  arrow  40  complete  turns.  The 
index-reckoning  number  is  42^,  which  means  that  the  crank- 
pin must  pass  the  point  a  42  times  and  go  four-fifths  of  the 
way  around  the  dial  again.  Now  if  the  crankpin  spaces 
8  holes  on  the  20-hole  circle  it  will  go  two-fifths  of  the  way 
around  the  circle  each  time,  or  in  order  to  make  the  40  com- 
plete turns,  it  will  make  as  many  spacings  as  \  is  contained 
in  42|,  or  107  times.  This  principle  has  been  applied  in 
computing  the  table  that  follows: 
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4.  Explanation  of  the  Index  Table. — In  the  first 
column  is  the  number  of  divisions  that  it  is  desired  to  space 
on  the  index  head,  or,  in  other  words,  the  number  of  move- 
ments to  be  made  in  rotating  the  work  once.  Jn  the  next 
column  is  the  number  of  holes  in  the  index  circle  that  should 
be  used  to  obtain  the  number  of  divisions  indicated  in  the 
same  horizontal  line  in  the  first  column.  In  the  third 
column,  in  the  same  horizontal  line  as  the  first  two  num- 
bers, is  a  number  indicating  the  number  of  turns  of  the 
index  crank.  This  number  may  be  a  whole  number,  a 
fraction,  or  a  whole  number  and  a  fraction.  In  case  a  frac- 
tion is  used,  the  denominator  expresses  the  number  of  holes 
in  the  index  circle  used  and  the  numerator  the  number  of 
holes  the  index  crankpin  is  to  be  set  over  at  each  move. 
In  the  other  six  columns  are  numbers  representing  the 
number  of  teeth  in  the  gear  that  will  be  used  in  the  posi- 
tion indicated  by  the  letter  at  the  head  of  the  column, 
which  refers  to  the  position  of  the  gears  as  shown  in  Fig.  1. 
When  no  number  is  given  in  any  one  of  the  six  spaces,  no 
gear  is  to  be  used  in  the  position  indicated  at  the  head  of 
the  column.  In  other  words,  use  only  those  gears  specified 
by  the  number  of  teeth.  Where  there  is  no  gear  in  any 
of  the  six  columns,  the  indexing  is-  simple  and  the  index 
dial  remains  stationary.  In  every  such  case  40  divided  by 
the  number  in  the  third  column,  that  is,  the  number  of 
turns  or  fractional  part  of  a  turn  the  index  crank  makes, 
will  give  the  number  of  divisions  in  the  first  column. 

Whenever  gears  are  to  be  used,  as  shown  in  the  table,  the 
indexing  is  differential,  and  40  divided  by  the  number  will 
not  give  the  number  of  divisions  in  the  first  column.  The 
index-reckoning  number  already  explained  can  be  obtained 
at  any  time,  however,  by  following  the  gears  through  from 
the  gear  h  on  the  spindle  and  finding  out  how  many  turns 
the  index  dial  makes  to  each  turn  of  the  spindle  and  in  which 
direction.  Knowing  that  //  turns  with  the  spindle,  or  turns 
once  while  the  crank  rotates  40  times,  if  the  index  dial  turns 
in  the  same  direction  as  the  index  crank,  subtract  the  number 
of  turns  the  dial  makes  from  40 ;  if  in  the  opposite  direction, 
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add.  When  the  index-reckoning  number  has  been  obtained, 
it  can  be  used  in  the  manner  previously  explained.  It  is  not, 
however,  necessary  to  find  the  index-reckoning  number  in 
order  to  use  the  table ;  all  that  is  necessary  is  to  place  the 
gears  on  the  shaft  where  they  belong,  use  the  proper  index 
dial,  draw  out  the  index  stop-pin,  and  space  off  the  number 
of  holes  given  in  the  third  column,  as  in  simple  indexing. 


FRACTIONAL  INDBXING. 

5.  Introduction. — By  means  of  compound  or  differen- 
tial indexing  a  great  many  divisions  can  be  obtained,  but  in 
some  cases  neither  can  be  used,  or  at  least  not  to  advantage. 
The  method  of  differential  indexing  with  the  special  spiral 
head  is  open  to  the  objection  that  it  requires  a  gear  on 
the  spindle  in  the  head  and  hence  it  is  only  possible  to 
use  this  device  when  the  spindle  is  horizontal.  The  method 
of  differential  indexing  with  the  back  pin  is  limited  in  its 
application  on  account  of  the  fact  that  the  choice  of  index 
circles  is  limited  to  those  in  a  single  plate. 

The  essential  feature  of  the  fractlonal-lndexins 
method ^is  the  use  of  two  index  circles,  one  of  which  gives 
a  means  of  obtaining  a  fraction  of  a  space  on  the  other 
circle.  Divisions  corresponding  to  any  number  divisible 
into  two  factors,  which  are  also  factors  of  two  index-circle 
numbers  but  neither  of  which  is  a  common  factor  of  both 
circles,  can  be  obtained  by  this  method, 

6.  Description  of  Fractional  Indexing- — Some- 
times only  one  index  plate  is  used,  but  generally  two  are 
required.  Both  plates  are  fastened  on  with  the  screws  ordi- 
narily used,  but  to  get  the  two  plates  on  at  the  same  time  it 
is  necessary  to  face  about  j^  ^^^^  ^^  ^^^  shoulder  of  the 
sleeve  carrying  the  plates  and  to  omit  the  ordinary  sector. 
This  method  may  be  used  to  advantage  for  obtaining  a  large 
number  of  divisions.  For  instance,  to  divide  a  circle  into 
2,1  GO  parts  on  the  Brown  &  Sharpe  miller  it  is  necessary  to 
move  the  worm-shaft  ^tSir*  ^^  tV»  ^^  ^  revolution  for  each 
division;  but  as  49  is  the  greatest  number  of  holes  in  the 
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index  plates  of  the  machine,  it  is  necessary  to  get  indirectly 
the  equivalent  of  this  number  of  holes,  ^  is  half  of  ^,  and 
hence  it  is  necessary  to  move  the  index  pin  half  a  space  on 
the  27  circle.  This  may  be  accomplished  by  placing  the 
index  plate  with  20  holes  in  the  outside  row  on  the  sleeve 
first,  as  shown  at  i,  Fig.  3,  and  then  putting  on  the  plate  a 
having  a  circle  with  27  holes,  the  back  pin  c  engaging  the 


circle  of  20  holes,  and  the  index  pin  d  being  adjusted  to  the 
27  circle.  When  both  pins  are  withdrawn,  the  index  plates 
can  be  moved  half  a  revolution,  and  the  back  pin  again 
dropped  into  a  hole,  when  the  front  pin  will  be  half  way 
between  two  holes,  and  by  moving  it  to  the  first  hole  in 
advance  of  it  gives  the  desired  half  of  i^,  or  -^  of  a  turn. 

To  simplify  the  turning  of  the  index  plates,  a  gear  may 
be  placed  on  the  shaft  that  turns  the  index  plates  when  cut- 
ting spirals,  and  which  is  sometimes  called  the  ^ear  on  the 
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worm-stud^  and  another  gear  /,  with  half  as  many  teeth,  on 
the  idler  stud.  A  pointer  is  fastened  over  this  idler,  and  a 
tooth  marked  to  indicate  the  movement.  With  both  index 
pins  removed,  the  index  plates  and  gears  are  free  to  turn, 
and  a  revolution  of  the  idler  indicates  the  proper  movement 
of  the  plates. 

The  application  of  the  method  to  many  cases  where  a 
relatively  small  number  of  divisions  is  required  involves 
the  same  general  method  of  procedure.  For  example,  if 
63  divisions  are  wanted,  first  get  the  factors  7  and  9 ;  7  is 
also  a  factor  of  49,  and  this  can  be  used  for  the  back  index 
circle;  9  is  a  factor  of  18,  and  this  can  be  used  for  the  front 
circle.*  The  fractional  turn  for  the  index  crank  is  ^  X  i 
or  ^  X  i*ff,  which  gives  a  movement  for  the  crank  of 
11|  holes,  on  the  18  row.  |  x  18  =  J,,^  =  2^,  but  |  X  18 
=  i<p  =  15^.  If^  then,  the  index  plates  are  turned  ^  of  a 
revolution,  the  index  pin  d,  which  is  stationary,  will  pass  by 
lb\  spaces.  The  15  spaces  are  unimportant,  but  the  \  is 
the  fraction  wanted  for  the  crank  movement,  and  a  gear  of 
28  teeth  on  the  worm  and  one  of  24  teeth  on  the  stud  will 
indicate  the  movement  of  the  plates. 

In  this  case  the  movement  of  the  plates  is  in  the  same 
direction  as  the  crank,  on  account  of  the  fact  that  the  frac- 
tional remainder  obtained  from  the  movement  of  the  index 
plates  is  also  the  desired  fractional  movement  of  the  cranks. 
Sometimes,  however,  it  is  more  convenient  to  move  the  plate 
in  the  opposite  direction  and  use  the  difference  between  the 
fractional  remainder  and  a  whole  space  for  the  fractional 
turn  of  the  crank.  For  example,  if  it  is  desired  to  obtain 
77  divisions  in  which  the  factors  are  7  and  11,  the  fractional 

turn  is  Vi®  X  ^r;  W  =  l^H.  and  ^^  X  21  =  IH,  but  Vr  of 
a  turn  of  the  plates  is  inconvenient  to  indicate  with  the  gears. 
If  the  plates  are  turned  backwards  ff ,  the  result  is  the  same, 
for  1^  X  21  =  Vi^  =  19^T»  which  leaves  \\  of  a  space  to 
turn  the  crank  ahead. 

A  number  that  has  a  factor  common  to  both  index  circles 
cannot  be  divided  by  this  method.  For  example,  81  =  3 
X  27,  and  ^  x  27  =  9,  so  that  if  the  plates  are  moved  J  of  a 
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revolution,  the  index  pin  will  drop  into  another  hole  of  the 
27  circle,  and  nothing  is  gained  by  using  the  two  plates. 

The  fractional  turns  obtainable  by  the  back  plate  are 
halves,  thirds,  quarters,  fifths,  sevenths,  elevenths,  thirty- 
thirds,  and  forty-ninths,  and  the  number  of  divisions  that 
may  be  obtained  ranges  from  51  to  64,680. 

The  sector,  ordinarily  used  for  counting  holes  on  the  index 
plates,  cannot  be  used  when  both  plates  are  on,  but  one  may 
be  made  with  sheet-steel  arms,  each  arm  being. riveted  to  a 
collar ;  one  of  these  collars  fits  the  index-plate  sleeve  and  the 
other  fits  the  outside  of  the  first  collar.  The  outer  collar  is 
split  so  as  to  clamp  on  the  inner  one.  This  sector  is  shown 
at  g  and  i.  Fig.  3.  One  of  the  arms  i  has  the  end  bent  over, 
forming  a  spring  resting  on  the  outside  of  the  index  plate, 
which  holds  the  sector  in  place  after  it  is  adjusted.  When 
the  sector  is  in  use  the  index  pin  is  first  drawn  out,  the 
index  plates  are  then  moved  and  locked  in  place  by  the  back 
pin  c.  The  index  pin  d  is  then  released  and  allowed  to  rest 
against  the  plate,  for  it  is  not  in  the  right  position  to  enter 
a  hole ;  one  arm  of  the  sector  is  then  moved  into  contact  with 
the  pin,  when  the  other  arm  will  indicate  the  hole  to  which 
the  pin  is  to  be  moved.  In  Fig.  3  the  machine  is  set  up  to 
cut  a  51-tooth  gear. 

7.  Explanation  of  Table  for  Fractional  Index- 
ing,— In  Table  II  is  given  the  number  of  divisions  from  51 
to  400  that  are  obtainable  by  this  method.  The  method  is 
equally  applicable  for  many  higher  numbers.  In  the  table, 
the  minus  sign  before  the  fractional  turn  of  the  plates  indi- 
cates that  the  plates  are  to  be  moved  in  the  direction  oppo- 
site to  that  of  the  crank. 

In  some  cases  the  idler  gear  can  have  more  than  one  tooth 
marked,  so  as  to  obtain  ^,  |,  {^  or  other  required  parts  of  a 
revolution,  and  by  this  means  all  the  movements  required  in 
the  table  can  be  obtained  with  the  gears  belonging  to  the 
machine,  with  the  single  addition  of  a  44-tooth  gear.  In 
the  table,  the  first  column  contains  the  number  of  divisions 
obtainable;  the  second  column,  the  fractional  turn  of  the 
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TABLE  11. 


FRACTIONAL  INDEXING. 


Num- 
ber 
of 
Divi- 
sions. 

51 

57 

63 
69 

77 

87 

93 
96 

99 
102 

III 

112 

114 

119 

123 

126 

129 

138 
141 

M7 
154 
161 

174 

175 
176 

186 

187 
189 
192 
198 


Frac- 
tional 
Turn  of 
Crank. 


V- 

V 
V 
Y 
U 
¥ 

V 
V 

0 


X  A 

XVs 

X  IT 


14 

1 
1 


¥ 
V 
V 
V 

y 

¥ 

¥ 
¥ 
¥ 
t? 

20 
3 

1? 

¥ 

1 0 
"J" 

40 
TT 


X 
X 
X 

X  . 
X^\ 

X^ 

XtV 
XtS 

X  tV 

X.'r 
Xt»b 
X:j»j 
X  -fu 

X  13 

X:j«T 
X  h 
XjV 
X^ 

X  A 
Xt^s 

XtV 
X-sV 

XtH 

X,S 
X 


X 


I 
IK 

1 
Ti 


Holes  on 
Outside  Plate. 

Num- 
ber of 

Frac- 
tional 

Gear 

on 

Holes 

Turn 

of 
Plates. 

Number 
in  Circle. 

Move. 

on 
Inside 
Plate. 

Worm. 

Stud. 

17 

i3i 

33 

3 

72 

24 

19 

'3i 

33 

+i 

72 

24 

18 

,if 

49 

+t 

28 

24 

23 

i3i 

33 

-i 

72 

24 

21 

loU 

33 

-+* 

44 

40 

29 

'3i 

33 

-i 

72 

24 

31 

i3i 

33 

+i 

72 

24 

16 

6* 

33 

-i 

72 

24 

18 

7A 

33 

+A 

44 

24 

17 

6* 

33 

+i 

72 

24 

37 

i3i 

33 

+i 

72 

24 

16 

Si 

49 

+* 

28 

24 

19 

6| 

33 

-1 

72 

24 

17 

54 

49 

+♦ 

56 

32 

41 

«3i 

33 

-4 

72 

24 

18 

5l 

49 

+4 

56 

24 

43 

i3i 

33 

+i 

72 

24 

19 

5l 

49 

-* 

28 

24 

23 

6i 

33 

+i 

72 

24 

47 

i3i 

33 

+i 

72 

24 

49 

134 

33 

-i 

72 

24 

21 

sA 

33 

+A 

44 

24 

23 

si 

49 

+4 

28 

24 

29 

6| 

33 

+i 

72 

24 

15 

3l 

49 

+4 

56 

24 

16 

3tV 

33 

+t\ 

44 

32 

31 

6| 

33 

-i 

72 

24 

17 

3  A 

33 

+A 

44 

24 

27 

5l 

49 

+4 

28 

24 

16 

3i 

33 

+i 

72 

24 

18 

3f'T 

.33 

-U 

44 

40 

Revo- 
lutions 
of  Stud 
Gear. 


i 

I 

I 
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TABLE  II.— {Continued.) 


Num- 
ber 
of 
Divi- 
sions. 

* 

Frac- 
tional 
Turn  of 
Crank. 

40  V    1 

Holes  on 
Outside  Plate. 

,  Num- 
ber of 

Holes 

on 
Inside 
Plate. 

49 

1 

1   Frac- 
tional 
Turn 

of 
Plates. 

Gear 

on 

1  Revo- 
lutions 

Number 
in  Circle. 

29 

Move. 

Worm.' 

Stud. 

of  Stud 
Gear. 

203 

sf 

+4 

56 

40 

204 

'/  X  h 

17 

3i 

ZZ 

-i 

72 

24 

208 

•V  X  V. 

39 

7i 

20 

+i 

48 

24 

209 

1  r  X  h 

19 

3  A 

ZZ 

+.«. 

44 

40 

217 

Vx,*, 

31 

54 

49 

+4 

56 

32 

222 

V  X  sV 

37 

6| 

32^ 

-J 

72 

24 

224 

*t"  X  tV 

16 

24 

49 

+4 

56 

24 

228 

"s"-  X  ,S 

19 

3i 

33 

+\ 

72 

24 

231 

S°  X  7^ 

Zi 

5f 

49 

-4 

28 

24 

238 

Vx^ 

17 

,8 

49 

+4 

28 

24 

i 

246 

V  X  ,>, 

41 

6§ 

z:z 

-i 

72 

24 

252 

8  0    V      1 

i8 

24 

49 

+4 

56 

40 

253 

4  0    V      U 
1  I    '^    5^ 

23 

3A 

33 

+  t'. 

44 

28 

255 

Sx  ,S 

17 

2| 

33 

-J 

72 

24 

258 

*3"  X  fS 

43 

6| 

33 

+J 

72 

24 

259 

V'x^ 

37 

S4 

49 

4-« 

28 

24 

266 

S"  X  ,', 

19 

4 

49 

+4 

56 

32 

272 

Ex  ^ 

17 

A 

20 

+  i 

48 

24 

273 

4  0    V      1 

39 

54 

49 

■r4 

56 

24 

275 

ft  X  ,V 

15 

2  A 

ZZ 

+  A 

4-i 

24 

276 

'3"  X  ^ 

23 

3i 

2^Z 

-J 

72 

24 

282 

*3"  X  A 

47 

61 

ZZ 

+J 

72 

24 

285 

«   V      > 

19 

2| 

Z3^ 

1 
5 

72 

24 

287 

S^X;^ 

41 

Si 

49 

+4 

28 

24 

288 

V  X  ,'s 

18 

2i 

20 

+i 

48 

24 

294 

S"  X  A 

49 

6| 

33 

-i 

72 

24 

297 

Hx,V 

'   27 

3A 

33 

+  r\ 

44 

32 

301 

V  X  A 

43 

s4 

49 

+4 

56 

40 

304 

s  x-A 

19 

2j 

20 

+  i 

48 

24 

308 

Mf  X  sV 

21 

^l", 

ZZ 

+  i^r 

44 

32 

310 

3\X 

c.  6^   i 
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Num- 
ber 
of 
Divi- 
sions. 

Frac- 
tional 
Turn  of 
Crank. 

Holes  on 
Outside  Plate, 

Num- 
ber of 
Holes 

on 
Inside 
Plate. 

Frac- 
tional 
Turn 

of 
Plates. 

Gear 

on 

Revo- 
lutions 

Number 
in  Circle. 

39 

Move. 

1 

Worm. 

Stud. 

of  Stud 
Gear, 

312 

A  X 

315 

VXjV 

27 

34 

49 

+* 

56 

32 

I 

319 

Hx^ 

29 

ix\ 

^3 

-+? 

44 

40 

I 

320 

t\x 

16 

322 

V'x^V 

23 

A 

49 

+4 

56 

24 

I 

328 

^^•X 

41 

329 

S"x^ 

•     47 

5^ 

49 

-4 

28 

24 

I 

^Z^ 

A'x 

ZZ 

+i 

Z2^^ 

i  x,V 

21 

H 

20 

+i 

48 

24 

I 

340 

Ax 

17 

341 

4  c»    V      1 
i  1    '^  IT 

31 

3tt 

3>Z 

+ft 

44 

24 

J 

344 

/■3   X 

43 

345 

3   A   ?3 

23 

^i 

32^ 

+i 

72 

24 

1 

348 

•3"  X  j>» 

29 

3i 

3^Z 

-i 

72 

24 

I 

350 

V  X  ,'j 

15 

'4 

1 

49 

+4 

56 

40 

I 

352 

\'\^h 

16 

•A 

z:^ 

+A 

44 

32 

1 

360 

,«ftX 

18 

364 

V  X  3V 

39 

4? 

49 

+4 

56 

32 

1 

368 

V-x^ 

23 

^\ 

20 

+i 

48 

24 

1 

370 

sSX 

37 

372 

3    ^  sr 

31 

z\ 

33 

+i 

72 

24 

I 

374 

??  X  ,V 

17 

1    '•> 
^  1  I 

33 

+  i'f 

44 

28 

I 

376 

Ax 

47 

378 

V  X  ,\ 

27 
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index  crank  necessary;  the  third  column,  the  number  of 
holes  in  the  circle  to  be  used  on  the  outside  plate ;  the  fourth 
column,  the  number  of  holes  the  index  pin  is  to  be  moved 
on  the  outside  plate.  The  fraction,  of  course,  is  obtained 
by  the  movement  of  the  back  plate.  The  fifth  column  gives 
the  number  of  holes  in  the  circle  to  be  used  on  the  back 
plate.  The  sixth  column  gives  the  fractional  turn  necessary 
for  the  plates.  In  this  case  the  direction  is  indicated  by  the 
sign  before  the  number.  The  seventh  and  eighth  columns 
give  the  gears  necessary  to  indicate  the  fractional  turn  of 
the  plates  as  given  in  the  sixth  column.  The  ninth  column 
gives  the  number  of  turns  that  the  gear  on  the  stud  must 
make  to  indicate  the  proper  fraction  of  a  turn  for  the  index 
plates. 


SPIRAL    WORK. 


GBNBKATION  OF  8PIRAL8. 

8.  Combination  of  Movements.  —  If  work  held 
between  centers,  or  in  the  chuck  of  a  universal  index  head, 
is  given  a  rotary  motion  and  a  motion  of  translation  at  the 
same  time,  while  the  relation  between  the  two  motions 
remains  constant,  a  stationary  point,  in  contact  with  the 
surface  of  the  work,  will  trace  a  conical  spiral  or  a  helix, 
depending  on  whether  the  work  is  conical  or  cylindrical.  In 
a  milling  machine,  the  motion  of  translation  is  the  motion 
of  the  milling-machine  table,  which  is  caused  by  rotating 
the  feed-screw  either  by  the  automatic  feed  or  by  hand. 
Now,  if  the  feed-screw  is  connected  by  gear-wheels  with  the 
index-head  spindle,  it  is  evident  that  this  spindle,  and, 
hence,  the  attached  work,  will  be  rotated  by  any  rotation 
of  the  feed- screw;  since  a  rotation  of  the  feed-screw  causes  a 
motion  of  translation  of  the  milling-machine  table,  while  the 
gearing  insures  a  constant  relation  between  the  two  motions, 
it  follows  that  a  milling  cutter  operating  on  the  work  will 
take  a  cut  that  follows  a  helical  or  conical  spiral  path. 


20 


MILLING-MACHINE  WORK. 


§16 


9*  Definitions.  —  In  a  spiral  or  helix,  the  distance 
advanced  in  1  revolution,  measured  in  the  direction  of  the 
axis,  is  called  the  pitch  of  the  spiral  or  helix,  or,  also,  the 
lead.  In  milling-machine  work,  the  lead  is  always  expressed 
in  inches,  or  in  inches  and  fractional  parts  of  an  inch.  In 
the  best  modern  practice,  the  term  lead  is  used  in  preference 
to  pitchy  and  will,  hence,  be  used  here.  It  has  become  cus- 
tomary to  limit  the  term  pitch  to  small  screws;  while  in  its 
strict  sense  it  means  the  distance  that  the  screw  will 
advance  in  1  revolution,  it  has  become  the  practice  in  some 
shops  to  apply  it  to  the  number  of  threads  per  inch  of  the 
screw.  In  order  to  prevent  any  confusion,  the  term  lead 
will  here  be  used  exclusively,  and  will,  when  applied  to  a 
helix,  spiral,  or  screw  thread,  always  represent  the  distance 
advanced  in  one  revolution. 

lO.  Angle  of  Helix. — A  helix  is  represented  by  the 
hypotenuse  of  a  right-angled  triangle  having  adjacent  sides 
equal  to  the  lead  of  the  helix  and  to  the  circumference  of  a 
cylinder  around  which  it  is  wound  in  such  a  position  that 
the  adjacent  side  representing  the  lead  is  in  the  same  plane 


KIG    4. 


(b) 


as  the  axis.  Thus,  let  Fig.  4  (a)  represent  a  right-angled 
triangle  cut  out  of  paper,  where  the  adjacent  side  a  (one  of 
the  sides  adjoining  the  right  angle)  is  equal  to  the  circum- 
ference of  the  cylinder  d  in  Fig.  4  {b),  and  the  adjacent 
side   b  is   the   lead.     Then,    when   this   triangle  is  wound 
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around  d^  as  shown  in  Fig.  4  (^),  the  side  c  will  form  a  helix 
having  a  diameter  equal  to  d^  and  a  lead  b.  The  angle 
included  between  the  sides  b  and  c  is  called  the  anffle  of 
the  helix. 

1 1 .  From  trigonometry,  it  follows  that  the  tangent  of 
the  angle  of  the  helix  is  equal  to  the  circumference  of  the 
cylinder  (the  length  of  the  side  a  of  the  triangle)  divided  by 
the  lead.     Hence  the  following  rule: 

Rule. — Divide  S.H16  times  the  diameter  of  the  helix  by 
the  lead.  Take  the  corresponding  angle  from  a  table  of 
natural  tangents. 

Example. — A  helix  4(  inches  diameter  has  a  lead  of  16  inches;  what 
is  the  angle  of  the  helix  ? 

Solution. — Applying  the  rule  just  given,  we  get 

^  X,V^^«  =  .88858. 

From  a  table  of  natural  tangents,  the  corresponding  angle  is  found 
to  be  41"  28',  nearly.    Ans. 

1 2.  It  often  occurs  that  it  is  required  to  find  what  lead 
of  helix  will  give  a  certain  angle  of  helix,  the  diameter  of 
the  helix  being  known.  This  may  be  calculated  by  the  fol- 
lowing rule: 

Rule. — Divide  3.H16  tithes  the  diameter  of  the  helix  by 
the  tangent  of  the  given  angle. 

Example. — A  helix  is  to  have  an  angle  of  helix  of  90°  45'  for  a  diam- 
eter of  3 J  inches.     What  is  the  lead  of  the  helix  ? 

Solution. — From  a  table  of  natural  tangents,  the  tangent  corre- 
sponding to  80"  45'  is  .50494.     Applying  the  rule  just  given,  we  get 

3.1416  X8J       i«,flo-         A 

>^,^.       =  17.162  m.    Ans. 

.59494 

The  two  rules  just  given  apply  to  helixes  only,  and  should 
not  be  applied  to  conical  spirals.  In  a  conical  spiral,  the 
angle  of  the  spiral  changes  continually  throughout  its 
length;  it  is  smallest  at  the  small  end  of  the  spiral  and 
largest  at  the  large  end. 
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The  rate  at  which  the  angle  changes  in  a  conical  spiral 
depends  on  the  angle  included  between  the  sides  of  the 
cone;  when  this  angle  is  very  small,  i.  e.,  when  the  cone  is 
almost  a  cylinder,  the  change  in  the  angle  of  the  spiral  is 
extremely  small,  but  it  rapidly  becomes  larger  as  the  angle 
included  between  the  sides  of  the  cone  becomes  greater. 

13*  Connectinii:  Index-Head  Spindle  and  Feed- 
Scremr. — There  are  many  ways  in  which  the  feed-screw 
and  index-head  spindle  may  be  connected  together  by  gear- 
ing; since,  in  nearly  all  designs  of  universal  index  heads, 
the  worm-shaft  and  the  feed-screw  are  at  right  angles  to 
each  other,  it  is  necessary  in  these  designs  to  introduce  a 
pair  of  miter  gears,  or  bevel  gears,  or  a  pair  of  equivalent 
machine  elements  into  the  gear-train  in  order  to  allow  the 
worm-shaft  and  feed-screw  to  be  connected  together  by  spur 
gearing. 

Fig.  6  shows  one  of  the  simplest  designs  for  connecting 
the  feed-screw  and  index-head  spindle  together.  The 
worm-shaft  a  carries  a  miter  gear  b^  which,  normally,  is 
free  on  the  worm-shaft.  The  index  plate  c  is  fastened  to 
the  hub  of  the  miter  gear  d,  and  is  ordinarily  prevented 
from  rotating  by  a  stop-pin  in  the  frame  of  the  index  head. 
The  index  crank  d  is  attached  to  the  worm-shaft.  Now,  if 
the  stop-pin  is  withdrawn,  and  the  latch  pin  is  dropped  into 
a  hole  of  the  index  plate,  the  worm-shaft  and  the  miter 
gear  b  are  locked  together,  so  that  any  motion  transmitted 
to  the  miter  gear  will  also  be  transmitted  to  the  worm-shaft 
and  then,  through  the  intervention  of  the  worm-wheel  ^,  to 
the  index-head  spindle/.  The  miter  wheel  ^  meshes  with 
a  miter  gear  gy  which  is  keyed  to  the  shaft  h\  the  first 
change  gear  k  of  the  train  of  spur  gearing  connecting  the 
spindle  and  feed-screw  is  attached  to  the  other  end  of  the 
shaft  A.  The  first  gear  is  usually  called  the  ^irorm-s^ar, 
from  the  fact  that  it  operates  the  worm. 

A  spur  gear  /,  known  as  the  feed -sere  ^iir  sear,  is  placed 
on  the  feed-screw;  the  gears  k  and  /  are  then  connected 
together  by  the  two  gears  m  and  n  placed  on  the  same 
sleeve,  which  is  mounted  on  an  adjustable  stud  fastened  in 
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any  suitable  manner  to  the  frame  of  the  index  head  or  the 
table  of  the  machine.  As  a  general  rule,  another  stud  is 
provided  on  which  an  idler  can  be  placed.  This  Idler  may 
be  placed  either  between  k  and  in,  or  /  and  «;  It  will  not 
change  the  velocity  ratio  of  the  gear-train,  but  only  the 
direction  of  the  rotation  of   the  index-head   spindle,   and, 


hence,  the  direction  of  advance  of  the  spiral.  In  most  mill- 
ing machines,  the  introduction  of  the  idler  will  cause  the 
production  of  a  left-handed  spiral;  owing  to  the  difference 
in  construction  of  the  various  machines,  it  is  better,  how- 
ever, to  determine  this  separately  for  each  machine  than  to 
rely  on  the  presence  of  an  idler  as  a  guarantee  of  a  left- 
handed  spiral. 

Since   the    index-head    spindle   and   the    feed-screw   are 
positively   connected    together,    the   relation   between   the 
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rotation  of  the  spindle  and  the  advance  of  the  table  remains 
constant,  and  the  resulting  helix  or  spiral  will  have  a  uni- 
form lead.  Evidently,  the  lead  can  only  be  changed  by 
changing  the  velocity  ratio  of  the  gears  connecting  the 
feed-screw  and  spindle;  since  all  modern  designs  of  milling 
machines  have  the  gearing  that  connects  the  worm-shaft  to 
the  worm-gear  k  arranged  in  such  a  manner  that  it  cannot 
be  changed,  it  follows  that  different  helixes  or  spirals  can 
only  be  obtained  by  changing  the  gears  k,  /,  ;//,  and  n.  It 
is  customary  to  call  the  gear  ;;/  the  first  sear  on  stud, 
and  the  gear  ;/  the  second  sear  on  stud. 

It  will  be  observed  that  the  change  gears  form  a  train  of 
compound  s^^rins*  The  reason  for  the  almost  universal 
adoption  of  compound  gearing  is  to  be  found  in  the  fact 
that,  with  a  given  number  of  change  gears,  a  much  larger 
range  of  combinations  is  possible  than  can  be  obtained  with 
a  single  gear-train. 

As  previously  stated,  the  index  plate  is  locked  to  the 
worm-shaft  and  rotates  with  it  during  the  cutting  opera- 
tion. Indexing  is  done  after  the  completion  of  the  cut  and 
while  the  machine  is  standing  still,  first  locking  the  index 
plate  by  inserting  the  stop-pin,  and  then  turning  the  index 
crank  the  required  number  of  turns.  The  index  plate  is  now 
unlocked  by  pulling  out  the  stop-pin,  and  the  machine  is 
ready  for  the  next  turn. 

Fig.  6  shows  a  more  complicated  design  of  a  gear-train 
for  connecting  the  index-head  spindle  and  feed-screw.  This 
design  was  adopted  by  the  maker  of  the  particular  style  in 
which  it  is  found  because  it  allowed  a  very  rigid  and  com- 
pact construction  of  the  index  head. 

The  worm-shaft  a  here  carries  a  spur  gear  b^  which  can  be, 
and  is,  locked  to  the  worm-shaft  by  dropping  the  latch  pin 
into  one  of  the  holes  of  the  index  plate  c.  The  spur  gear  b 
meshes  with  an  idler  d  carried  on  a  stud ;  this  idler  in  turn 
drives  a  spur  gear  e,  which  is  keyed  to  one  end  of  the 
shaft  /.  A  spiral  gear  ^  is  keyed  to  the  other  end  of  the 
shaft /and  meshes  with  another  similar  spiral  gear  //  keyed 
to  a  shaft  z,  which  is  at  right  angles  to  the  worm-shaft,  and, 
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hence,  parallel  to  the  feed-screw.  The  shaft  (  carries  the 
gear  on  the  worm-stud  k,  which  meshes  with  the  first  gear  m 
on  the  stud.     The  second  gear  «  on  the  stud  rotates  with  m 


and  meshes  with  the  feed-screw  gear  /.  In  this  gear-train, 
the  gears  A,  d,  c,  g,  and  h  cannot  be  changed  ;  different  spirals 
and  helixes  are  produced  by  changing  the  change  gears  k, 
I,  m,  and  «,  as  in  the  previous  case. 


CALCULATING  THB  CRAIWGB  GKARS. 

14.  Lead  of  the  Machine. — Assiimethnt  themachine 
is  BO  constructed  that  1  revolution  of  the  worm-shaft  will 
produce  exactly  1  revolution  of  the  gear  on  the  worm-stud  k. 
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Figs.  5  and  6,  and  let  the  change  gears  be  such  that  1  revolu- 
tion of  the  feed-screw  will  produce  exactly  1  revolution  of 
the  gear  on  the  worm-stud,  and,  hence,  of  the  worm-shafts. 
Then,  during  1  revolution  of  the  feed-screw,  the  milling- 
machine  table  will  advance  a  distance  equal  to  the  lead  of 
the  feed-screw,  and,  at  the  same  time,  the  index-head 
spindle  will  be  rotated  a  part  of  a  turn  given  by  the  fraction 

i -z -. — : ; r.      To    makc    1    complete 

number   of   teeth    m   worm-wheel  '^ 

revolution  of  the  index-head  spindle,  the  feed-screw  must 

make  a  number  of  turns  equal  to  the  number  of  teeth  in  the 

worm-wheel.     The   distance   that   the  table    will   advance, 

which  is  the  lead  of  the  helix  produced  under  the  assumed 

conditions,  is  given  by  the  product  obtained  by  multiplying 

the  lead  of  the  feed-screw  by  the  number  of  teeth  in  the 

worm-wheel.     This  particular  distance  is  called  the  lead  of 

the  machine. 

Now,  suppose  that  the  worm-shaft  a^  Figs.  5  and  6,  is  so 

connected  to  the  gear  on  the  worm-stud  k  that  1  revolution 

of  the  worm-shaft  does  nof  produce  1  revolution  of  the  gear 

on    the    worm-stud.     Then,    the   distance    that   the    table 

advances  during  1  revolution  of  the  index-head  spindle  is 

no  longer  given  by  multiplying  the  number  of  teeth  of  the 

worm-wheel  by  the  lead  of  the  feed-screw.      The  rule  for 

this  case  becomes  as  follows: 

Rule. —  To  find  the  Lad  of  the  machine^  multiply  the 
number  of  revolutions  of  the  gear  on  the  worm-stud  that  rs 
required  to  produce  1  revolution  of  the  index -head  spindle 
by  the  lead  of  the  feed-screw. 

Example. — It  having  been  found  by  actual  count  that  56  revolutions 
of  the  gear  on  the  worm-stud  are  required  to  produce  1  revolution  of 
the  index-head  spindle,  and  the  feed-screw  having  a  lead  of  {  inch, 
what  is  the  lead  of  the  machine  ? 

Solution.— Applying  the  rule  just  given,  we  get 

50  X  i  =  14  in.     Ans. 

The  rule  just  given  is  general,  since  it  takes  in  any  case 
that   is  likely  to  arise,  while  the  first  one  is  limited  to  the 
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special  case  where  the  revolutions  of  the  gear  on  worm-stud 
and  worm-shaft  are  equal.  For  this  reason,  the  lead  of  the 
machine  should  preferably  be  calculated  by  the  general  rule, 
which,  incidentally,  also  takes  account  of  the  fact  that  the 
worm  which  meshes  with  the  worm-wheel  on  the  index-head 
spindle  may  be  double-threaded. 

15.  Simple  Gearing. — The  lead  of  the  spiral  or  helix 
having  been  given,  the  ratio  between  the  revolutions  of  the 
gear  on  worm-stud  and  the  revolutions  of  the  feed-screw  is 

lead  of  the  spiral 
lead  of  the  machine* 

Then,  for  simple  gearing  it  only  remains  to  choose  gears 
that  have  this  ratio.  This  is  most  conveniently  done  by 
raising  both  terms  of  the  ratio  to  higher  terms  that  corre- 
spond with  the  teeth  of  the  gears  available. 

Example. — The  lead  of  the  required  helix  being  14  inches  and  the 
lead  of  the  machine  10  inches,  what  gears  may  be  used  in  simple 
gearing  ? 

Solution.— By  the  statement  just  given,  the  ratio  is  \i.  Since 
gears  of  14  and  10  teeth  are  not  usually  available,  multiply  both  terms, 
say,  by  2.  This  gives  |J,  or  gears  having  28  and  20  teeth.  Multiply- 
ing by  3,  we  get  J|,  or  gears  having  43  and  80  teeth.  By  still  further 
raising  the  terms  of  the  ratio  to  higher  terms,  other  gears  can  be 
found  that  will  give  the  required  spiral.     Ans. 

The  question  of  where  each  gear  of  the  set  is  to  be  placed 
depends  on  the  relation  of  the  lead  of  the  spiral  to  the  lead 
of  the  machine.  When  the  lead  of  the  spiral  is  less  than 
the  lead  of  the  machine,  the  gear  on  worm-stud  must  be  the 
smaller  gear  of  the  two;  when  the  lead  of  the  spiral  is  greater 
than  the  lead  of  the  machine,  the  gear  on  the  worm-stud 
must  be  the  larger  of  the  two. 

1 6.  When  the  two  change  gears  of  the  train  of  simple 
gearing  are  given,  to  find  the  spiral  or  helix  that  will  be  cut, 
the  following  rule  may  be  used  : 

Rule. — Multiply  the  number  of  teeth  of  the  gear  o?i  worm- 
stud  by  the  lead  of  the  machine,  and  divide  the  product  by  the 
number  of  teeth  of  the  feed-screw  gear. 
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Example. — The  gear  on  worm-stud  having  48  teeth,  and  the  feed- 
screw gear  100  teeth,  what  helix  will  be  cut  if  the  lead  of  the  machine 
is  12  inches  ? 

Solution. — Applying  the  rule  just  given,  we  get 

48X12 


100 


=  5.76  in.    Ans. 


1  7.     Compound  Gearini;. — When  the  machine  is  coni- 

j  J  .v        ^-     lead  of  the  spiral   .   ^, 

pound-eeared,  the  ratio  r—  ^ — r-i ,-.  -is  the  compound 

'^  °  lead  of  the  machine 

ratio  of  the  gearing.  This  ratio  must  be  resolved  into 
factors  that  are  raised  to  higher  terms  until  they  correspond 
with  the  number  of  teeth  of  gears  that  are  available.  For 
instance,  let  it  be  required  to  cut  a  spiral  with  a  lead  of 
24  inches,  the  lead  of  the  machine  being  10  inches.  Then, 
the  compound  ratio  is  U^,  which  resolves  into  the  factors 
I  X  f .  This  means  that  two  of  the  gears  that  mesh  together 
must  be  in  the  proportion  of  3  to  2,  and  the  other  two  gears 
in  the  proportion  of  8  to  5.  Raising  |  to  a  higher  term 
by  multiplying  the  numerator  and  denominator  by  any 
integral  number,  say  16,  we  get  48  and  32  teeth  as  the 
number  of  teeth  of  one  pair  of  gears.  Raising  |  to  higher 
terms  by  multiplying  the  numerator  and  denominator  by 
any  integral  number,  say  12,  we  get  96  and  60  for  the 
other  pair  of  gears.  It  is  to  be  observed  that  there  is 
not  the  slightest  necessity  of  multiplying  the  terms  of 
both  factors  by  the  same  integral  number  ;  all  that  is 
required  is  that  the  two  terms  of  each  factor  be  multi- 
plied by  the  same  number.  After  factoring  the  ratio,  the 
numerators  of  the  factors  will  represent  the  driven  wheels 
of  the  gear-train,  and  the  denominators  will  represent  the 
dri.vers. 

1 8.  The  question  of  where  each  pair  of  meshing  gears 
must  be  placed  can  easily  be  answered  when  it  is  considered 
that  if  the  lead  of  the  helix  to  be  cut  is  smaller  than  the  lead 
of  the  machine,  the  gear  on  worm-stud  must  run  faster  than 
the  feed-screw  gear.     When  the  lead  of  the  helix  is  greater 
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than  the  lead  of  the  machine,  the  gear  on  worm-stud  must 
run  slower  than  the  feed-screw  gear. 

19.  When  tbe.lead  of  the  spiral  or  helix  is  a  whole  num- 
ber of  inches,  it  is  usually  quite  easy  to  factor  the  compound 
ratio.  This  factoring  can  sometimes  be  made  easier  by 
raising  the  ratio  to  a  higher  term  by  multiplying  the  numera- 
tor and  denominator  by  some  number.  For  instance,  the 
ratio  f  J  is  rather  difficult  to  factor  as  it  stands,  but  by  rais- 
ing it  to  a  higher  term,  say  by  multiplying  by.  4,  we  get  }|, 
which  readily  resolves  into  the  factors  1 J  X  J,  or  -^j^  X  ^,  or 
V  X  I,  or  Y  X  |. 

Take,  now,  the  case  of  a  spiral  having  a  lead  expressed 

in    whole   inches   and    part   of   an   inch,    as,    for  instance, 

14^  inches.    Let   the  lead   of  the   machine   be   12   inches. 

14i 
Then,  the  compound  ratio  is  — -^,  which  is  a  form  in  which 

it  is  rather  difficult  to  factor.     Now,  suppose  it  is  raised  to  a 

higher  term,  multiplying  by  a  number  that  will  make  the 

numerator  14J-  a  whole  number.     In  this  case,  it  is  obvious 

that  4,  or  a  multiple  of  4,  will  be  the  number  to  use.    Raising 

144- 

-^  to  a  higher  term  by  multiplying  the   numerator  and 

denominator  by  4,  we  get  ^  as  the  compound  ratio.  This 
readily  resolves  into  quite  a  number  of  factors,  thus:  J  x  f|, 
or  t\  X  V-,  or  V^  X  I,  or  J^  X  I,  or  ^^  X  V",  or  i|  x  i,  etc. 

'  20«  When  it  is  not  feasible  to  factor  the  compound 
ratio,  or  to  get  gear  combinations  that  include  available 
gears,  the  proper  gear  combination  can  often  only  be  dis- 
covered by  a  method  that  may  be  aptly  described  as  **  cut- 
ting and  trying."  In  many  cases  it  is  not  possible  to  cut 
the  required  spiral  at  all,  but  the  machine  may  often  be 
geared  to  cut  a  spiral  that  approaches  the  desired  spiral 
somewhat  closely.  Here  the  cut-and-try  method  must  also 
be  followed. 

There  are  two  methods  of  procedure  that  may  be  adopted ; 
either  three  gears  of  the  set  are  assumed  and  the  fourth  is 
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calculated,  or  a  combination  of  four  gears  is  selected  and 
the  resulting  spiral  or  helix  found  by  calculation. 

When  three  gears  of  the  set  are  assumed,  the  fourth  may 
be  calculated  as  follows  : 

Rule. — Multiply  the  lead  of  the  spiral  or  helix  in  inches 
by  the  mimber  of  teeth  of  the  feed-screw  gear  and  the  first 
gear  on  stud.  Divide  the  product  by  the  product  of  the  num- 
ber of  teeth  of  the  second  gear  on  stud  and  the  lead  of  the 
machine  in  inches.  The  quotient  will  be  the  number  of  teeth 
of  the  worm-gear,  • 

Example  1. — If  the  feed-screw  gear  has  40  teeth,  the  first  gear  on 
stud  32  teeth,  the  second  gear  on  stud  56  teeth,  the  lead  of  the  machine 
being  10  inches,  and  the  helix  to  be  cut  being  28  inches,  what  should  be 
the  number  of  teeth  of  the  worm-gear  ? 

Solution. — Applying  the  rule  just  given,  we  get 

23  X  40  X  32 


56  X  10 


64  teeth.     Ans. 


Example  2. — A  spiral  having  a  lead  of  39  inches  is  to  be  cut.  The 
feed-screw  gear  hais  40  teeth,  the  first  pcear  on  stud  32  teeth,  the  second 
gear  on  stud  56  teeth,  and  the  lead  of  the  machine  is  10  inches;  what 
number  of  teeth  should  the  gear  on  worm-stud  have  ? 

Solution.— Applying  the  rule  given  and  substituting,  we  get 

39  X  40  X  32 


56  X  10 


=  89|  teeth. 


Since  a  gear  with  this  number  of  teeth  is  an  impossibility,  the  cal- 
culation shows  that  with  the  gears  selected  it  is  not  possible  to  cut  the 
required  spiral.  If  a  gear  with  89  teeth  is  available,  a  fairly  close 
approach  to  the  required  spiral  may,  however,  be  cut.     Ans. 

21.  When  the  four  gears  and  the  lead  of  the  machine 
are  known,  the  resulting  spiral  or  helix  may  be  calculated  as 
follows  : 

Rule. — Multiply  the  lead  of  the  machine  by  the  number 
of  teeth  of  the  gear  on  worm-stud  and  the  second  gear  on 
stud.  Divide  this  product  by  the  product  of  the  number  of 
teeth  of  the  feed-scrczv  gear  and  the  first  gear  on  stud. 
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Example. — In  example  2  of  Art.  20,  it  was  stated  that  a  fair 
approximation  to  the  required  spiral  might  be  cut  with  a  gear  on 
worm-stud  having  89  teeth.  Calculate  the  spiral  that  will  actually 
be  cut. 

« 

Solution. — Applying  the  rule  just  given,  we  get 

10  X  89  X  56 


40x32 


=  38.9375  in.     Ans. 


Special  attention  is  called  to  the  fact  that  it  is  a  mathe- 
matical impossibility  to  calculate  directly  what  the  number 
of  teeth  of  the  four  change  gears  should  be  to  produce  a 
given  spiral. 

Let  n'  =  number  of  teeth  in  gear  on  worm-stud ; 
«   =  number  of  teeth  in  second  gear  on  stud ; 
yV  =  number  of  teeth  in  feed-screw  gear; 
N  =  number  of  teeth  in  first  gear  on  stud; 
L   =  lead  of  machine; 
S   =  lead  of  spiral  or  helix. 

Then,  the  equation  giving  the  relation  is 

.,  _  ;/  n'  L 

-  "NN'' 

In  this  equation  there  are  four  unknown  quantities,  viz., 
//,  n\  iV,  and  N\  They  are  not  known  in  terms  of  each 
other^  i.  e.,  their  relation  is  unknown,  and,  hence,  it  is 
a  mathematical  impossibility  to  solve  the  equation  for 
;/,  ;/',  N^  and  N'  without  assigning  values  to  at  least  three 
of  these  factors. 

To  sum  up:  When  three  gears  are  given,  the  fourth  can 
readily  be  calculated,  as  has  been  shown.  When  the  four 
gears  are  given,  the  resulting  spiral  or  helix  is  easily  com- 
puted. To  discover  the  proper  relation  between  the  gears, 
factoring  must  be  resorted  to.  When  factoring  fails,  the 
cut-and-try  method  must  be  adopted  and  followed  until 
either  a  correct  gear  combination  or  one  that  will  give 
an  approximation  which  is  considered  close  enough  is 
obtained. 
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CUTTING  HBLIXB8  AND  SPIRALS. 

22.  Cutters  and  Profiles. — By  far  the  greater  part 
of  the  spiral  work  done  in  a  milling  machine  consists  of 
the  cutting  of  helical  and  spiral  grooves.  Familiar  exam- 
ples of  the  class  of  work  done  are  the  fluting  of  helical- 
tooth  reamers  and  of  twist  drills,  the  cutting  of  the 
spaces  of  helical-tooth  milling  cutters,  the  cutting  of  screw 
gears,  etc. 

With  a  helical  or  spiral  groove,  its  profile  (shape)  is  given 
by  the  intersection  of  the  groove  with  a  p\2ii\^  perpaidicular 
to  the  helix  or  spiral,  while  with  a  straight  groove  that  is 
parallel  to  the  axis  of  the  work,  its  profile  is  its  intersection 
with  a  plane  perpendicular  to  the  axis  of  the  work.  This 
must  be  carefully  borne  in  mind  when  selecting  a  cutter  for 
a  helical  or  spiral  groove. 

When  the  profile  of  the  groove  is  symmetrical,  it  can  be 
cut  with  either  a  suitable  end  mill  or  a  formed  cutter  of  the 
required  shape,  but  when  the  groove  has  an  unsymmetrical 
profile,  an  end  mill  cannot  be  used. 

When  an  end  mill  is  employed  for  cutting  the  groove,  the 
table,  when  arranged  to  swivel,  as  is  the  case  in  horizontal 
universal  milling  machines,  must  be  set  to  zero,  i.  e.,  so  that 
its  direction  of  motion  is  in  a  plane  perpendicular  to  the  axis 
of  rotation  of  the  cutter. 

A  formed  milling  cutter  must  be  employed  for  unsymmet- 
rical grooves,  and  can  also  be  advantageously  used  for  many 
symmetrical  grooves.  It  requires  the  table  to  be  set  to  an 
angle  with  the  axis  of  rotation  of  the  cutter  that  is  equal  to 
the  difference  between  the  angle  of  the  helix  and  90°.  As  a 
general  rule,  the  graduations  of  a  milling-machine  table  are 
so  arranged  that  when  the  table  is  set  so  that  the  graduation 
reads  to  the  angle  of  the  helix,  it  will  make  the  required 
angle  to  the  axis  of  rotation  of  the  cutter.  A  rule  for 
calculating  the  angle  of  the  helix  has  been  previously 
given. 

If  the  table  is  not  set  to  the  angle  of  the  helix,  the  result- 
ing groove  will   not  have  the  same  profile  as  the  cutter 
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This  fact  can  often  be  taken  advantage  of  when  a  cutter  of 
the  right  width  is  not  available  and  the  exact  shape  of  the 
profile  need  not  be  particularly  accurate. 

23.  Helical  Grooves  With  Parallel  Sides. — In  milt- 
ing a  helical  or  spiral  groove  with  the  kind  of  plain  cutter 
that  will  produce  a 
straight  groove  with 
parallel  sides,  as  a 
slitting  saw,  for  in- 
stance, it  will  be  found 
that  the  resulting 
groove  will  not  have 
parallel  sides,  but  will 
be  about  as  shown, 
somewhat  exagger- 
ated,   in    Fig.    7    {a). 

From  this  fact,  the 
conclusion  is  to  be 
drawn  that  when  a 
helical  or  spiral  groove 
with  parallel  sides  is 
to  be  cut,  a  face  cutter 
cannot  be  employed ; 
an  end  mill  will,  how- 
ever, be  found  to  an-  ^j^ 
swer  for  this  purpose.                                  fio.  7. 

24.  Helical  Grooves  With  Inclined  Sides.— When 
an  attempt  is  made  to  cut  an  angular  helical  groove  with  a 
single-angle  cutter,  it  will  be  found  that  the  angle  between 
the  sides  of  the  groove  will  not  be  equal  to  the  angle  of  the 
cutter,  but  will  be  about  as  shown,  somewhat  exaggerated, 
in  Fig.  7  (b).  It  will  further  be  noticed  that  the  side  a  of 
the  groove  is  very  rough  compared  with  the  side  b,  and  that 
a  decided  burr  is  thrown  up  at  c.  From  these  facts,  the 
conclusions  are  to  be  drawn  that  a  single-atigie  cutter  can- 
not reproduce  its  own  profile  and  that  cutting  teeth  lying 
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in  a  plane,  as  those  on  the  right-hand  side  of  the  angular 

cutter  shown,  will  not  miil  a  smooth  groove.     The  following 

general    conclusions    may 

also   be   drawn    from    the 

facts   stated    in    this  and 

the  preceding  article.     No 

I  cutter,  except  an  end  mill, 

can  reproduce  its  own 

profile  in  a  spiral  or  helical 

groove  when  it  has  teeth 

on  one  or  both  sides  that 

"'  **"  lie  in  a  plane.     From  this  it 

follows  that  any  cutter,  except  an  end  mill,  that  is  required 

to  produce  its  own  profile  in  a  helical  or  spiral  groove  must 

be  wider  at  the  bottom  than  at  the  top  of  the  teeth,  and  no 

teeth  must  lie  in  a  plane.     Hence,  when  angular  grooves 

are  to  be  milled,  double-angle  cutters  should  always  be  used ; 

such  cutters  will  reproduce  their  own  profile,  as  shown  in 

Fig.  8,  and  mill  both  sides  of  the  groove  smooth. 


25.     Helical  Grooves  With  One  Side   Radial. — A 

great  deal  of  the  spiral   work  done  with  angular  cutters 

requires  one  side  of  the  groove  to  be  radial.     For  this  work, 

double-angle  cutters  must  be  selected,  and  they  must  be  set 

sufficiently  off  center  to  make 

the  required  side  of  the  groove 

radial  when  the  cutter  is  sunk 

into  the  work  to  the  proper 

depth.   Referring  to  Fig.  9  (rt), 

which    shows   a   double-angle 

cutter  sunk  into  the  work  until 

the   side  a  of   the   groove  is   i 

radial,   the  amount   that   the 

cutter  must  be  set  off  center 

is  the  distance  b.     It  can  be 

readily  shown  that    this   dis-  ''"'•  '■ 

tance  vartes  with  the  depth  of  the  cut;  thus,  in  order  that 

the  side  a  may  remain  radial  for  a  greater  or  smaller  depth 
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of  cut,  the  cutter  must  evidently  be  shifted  radially,  that 
is,  along  the  line  oc.  Then,  for  a  smaller  depth  of  cut,  as 
shown  in  Fig.  9  (^),  the  distance  V  that  the  cutter  is  off 
center  will  be  greater  than  by  and  for  a  greater  depth  of  cut, 
this  distance  will  be  smaller. 

The  distance  that  the  cutter  is  to  be  set  off  center  is  given 
correctly  by  the  following  rule: 

Rule. — Subtract  the  depth  of  the  cut  measured  radially 
front  the  radius  of  the  work  and  multiply  the  remainder  by 
the  sine  of  the  angle  included  between  that  side  of  the  cutter 
with  which  the  radial  side  of  the  groove  is  to  be  cut  and  a 
plane  perpendicular  to  the  axis  of  the  cutter  ^  as  the  angle  din 
Fig,  9  (*). 

Example. — The  angle  //,  Fig.  9  {b\  being  12'',  how  much  should  the 
cutter  be  set  off  center  when  the  work  is  3  inches  in  diameter  and  the 
radial  depth  of  the  cut  .4  inch  ? 

Solution. — From  a  table  of  natural  sines,  the  sine  of  12*  is  .20791. 
For  the  class  of  work  usually  done,  it  is  near  enough  to  call  the 
sine  .2.     Applying  the  rule  just  given,  we  get 

(I  -  .4)  X  .2  =  .22  in.     Ans. 

26.  If  the  effect  of  the  depth  of  the  cut  is  left  entirely 
out  of  consideration,  the  rule  for  setting  the  cutter  off  cen- 
ter becomes :  Multiply  the  diameter  by  half  the  sine  of  the 
angle  d^  Fig.  9  (b).  On  this  basis,  the  following  approxi- 
mate table  has  been  calculated  for  the  angles  most  com- 
monly used  for  double-angle  cutters. 

The  rules  here  given  for  the  offset  of  double-angle  cut- 
ters apply  to  straight  grooves  as  well  as  to  helical  grooves. 
In  the  case  of  a  helical  groove,  the  cutter  should  be  set 
correctly  while  the  line  of  motion  is  at  right  angles  to  the 
axis  of  rotation  of  the  cutter;  the  table  is  to  be  swiveled  to 
the  angle  of  the  helix  after  setting  the  cutter  off  center. 

27«     Proper  Direction  of  Rotation  of  Work. — In 

cutting  helical  grooves  with  double-angle  cutters  having 
unequal  angles,  the  work  should  always  revolve  toward  that 
side  of  the  cutter  where  the  teeth  have  the  greater  angle. 
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TABLE    III. 


TABLB  SHOWING  OFFSET  OF  DOUBLE- A  NGLB 

CUTTERS. 


Angle. 

Offset. 

12° 

Diameter  X 

.1 

27r 

Diameter  x 

.23 

30° 

Diameter  x 

•25 

40° 

Diameter  X 

•32 

45° 

Diameter  X 

•35 

48° 

Diameter  X 

.37 

53° 

Diameter  X 

.4 

Fig.  10  shows  the  four  cases  that  arise  in  practice ;  in  each 
case,  the  side  a  of  the  cutter  has  the  greater  angle,  and  the 
work  should  revolve  toward  it,  or  in  the  direction  of  the 
arrow  x.  This  statement  applies  to  right-handed  and  left- 
handed  spirals  and  helixes;  the   direction  of  rotation  that 


n 


K 


K 


A 


Fig.  10. 

will  bring  the  work  toward  the  greater  angle  of  the  cutter 
can  be  secured  by  a  proper  arrangement  of  cutter  and  feed. 
The  object  of  feeding  the  work  toward  the  side  of  the  cutter 
having  the  greater  angle  is  to  make  the  sides  of  the  groove 
smooth;  experience  has  shown  that  smooth  sides  cannot  be 
obtained  except  by  rotating  the  work  in  the  manner  stated. 
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Great  care  must  be  taken  in  all  spiral  work  to  confine  the 
work  in  such  a  manner  that  it  can  neither  slip  in  the  direc- 
tion of  its  axis  nor  slip  about  its  axis.  Should  this  happen, 
not  only  will  the  work  be  spoiled,  but  most  likely  the  cutter 
and  arbor  also.  When  the  cut  has  been  completed,  before 
running  the  table  back,  take  the  work  away  from  the  cutter, 
or  vice  versa,  in  order  that  the  cutter  may  not  drag  in  the 
groove,  which  will  mar  and  score  the  latter. 


THB  NATURAL  FUNCTIONS. 

28.  Definitions. — In  any  circle,  as  in  ^,  Fig.  11,  draw 
any  two  radii,  as  <?^  and  oc^  so  that  the  angle  cob  included 
between  them  is  less  than  90". 
From  the  intersection  c  of 
the  radius  oc  with  the  cir- 
cle, drop  a  perpendicular  c  d 
on  0  b.  Prolong  o  c,  and  at  b 
erect  a  perpendicular  to  ob 
which  will  be  tangent  to  the 
circle,  prolonging  the  perpen- 
dicular until  it  intersects  o  c 
prolonged  in  r. 

The  line  c  d  \%  called  the 
sine  of  the  angle  cob  and 
is  abbreviated  to  sin;  the 
line  od  \s  called  the  cosine 
of  the  angle  cob  and  is 
written  cos;  the  line  db  is  called  the  versed  sine  of  the 
angle  cob  and  is  written  versifi;  the  line  ^^  is  called  the 
tangent  of  the  angle  cob  and  is  written  tan. 

From  the  center  o  of  the  circle,  draw  a  radius  of^t  right 
angles  to  ob.  Then,  the  angle  foe  is  called  the  comple- 
ment of  the  angle  cob,  and,  evidently,  is  equal  to  the 
difference  between  cob  and  90°.  Draw  a  line  tangent  to 
the  circle  at  /,  i.  e.,  perpendicular  to  of,  and  extend  it 
until  it  intersects  o  c  prolonged  at  g.     The  line  fg  is  then 


Fig.  11. 


38  MILLING-MACHINE  WORK.  §  16 

the  tangent  of  the  complement  of  the  angle  cob,  and  is 
called  the  cotangent  of  the  angle  cob.     It  is  written  cot. 

All  these  lines  are  called  functions  of  the  angle ;  their 
relative  lengths  vary  with  the  magnitude  of  the  angle  c  o  b^ 
but  the  ratio  between  their  lengths  and  the  length  of  the 
radius  remains  constant  for  a  given  angle,  no  matter  what 
the  radius  may  be. 

Tables  have  been  prepared  in  which  the  ratio  of  the 
lengths  of  the  different  functions  to  the  radius  for  all  angles 
between  0°  and  90°  is  given  on  the  assumption  that  the 
length  of  the  radius  is  unity  (1).  Hence,  if  the  length  of 
any  other  radius  is  given,  the  length  of  the  corresponding 
function  can  always  be  found  by  multiplying  the  value  of 
the  function  for  a  radius  of  unity,  as  taken  from  the  table, 
by  the  given  radius. 

Such  tables  are  called  tables  of  natural  functions, 
and  those  most  frequently  used  are  given  at  the  end  of 
this  volume.  Tables  of  versed  sines  are  not  given,  but  the 
versed  sine  of  any  angle  can  be  found  by  subtracting  the 
value  of  the  cosine  of  the  angle,  as  taken  from  the  tables, 
from  1. 

29.  Use  of  the  Tables. — To  find  a  function  of  an 
angle  less  than  45°,  look  for  the  number  corresponding  to 
the  degrees  of  the  angle  in  the  horizontal  row  at  the  top  of 
the  page.  Look  for  the  minutes  in  the  first  vertical  column 
at  the  left  and  follow  it  over  to  the  right  until  the  vertical 
column  marked  with  the  number  of  degrees  is  reached. 
The  value  of  the  function  will  be  found  there. 

Example. — Find  the  cosine  of  41*  27'. 

Solution. — The  column  containing  the  values  of  cosines  between 
41°  and  42'  is  found  to  be  the  second  column  on  page  9  of  the  tables. 
Opposite  27'  and  in  the  second  column,  we  find  .74953  as  the  value  of 
the  cosine.     Ans. 

To  find  the  value  of  a  function  of  an  angle  larger  than  45°, 
look  for  the  number  of  degrees  in  the  bottom  horizontal 
column.  Look  for  the  minutes  in  the  right-hand  vertical 
column;  follow  the  horizontal  column  thus  found  to  the  left 


§  16  MILLING-MACHINE  WORK.  89 

until   the  column  containing  the  degree  is   reached.     The 
value  of  the  function  will  be  found  there. 

Example. — Find  the  tangent  of  59"  86'. 

Solution. — The  vertical  column  containing  tangents  between  59* 
and  60**  is  found  to  be  the  first  column  on  page  16  of  the  tables  of 
natural  tangents.  Opposite  36'  in  the  right-hand  vertical  column,  we 
find,  in  the  first  column  of  tangents,  the  value  1.70446.    Ans. 

30.  To  find  the  angle  when  the  value  of  a  function  is 
given,  look  first  in  the  columns  marked  on  top  to  corre- 
spond with  the  function  until  the  nearest  value  is  found. 
The  number  of  degrees  will  be  found  on  top  of  that  column 
and  the  number  of  minutes  in  the  first  vertical  column  at 
the  left. 

When  the  value  of  the  function  cannot  be  found  thus,  it 
shows  that  the  corresponding  angle  is  greater  than  45**. 
Hence,  look  in  the  columns  marked  at  the  bottom  to  cor- 
respond with  the  function  until  the  nearest  value  is  found ; 
the  degrees  will  be  found  at  the  bottom  of  the  column  and 
the  minutes  in  the  right-hand  vertical  column. 

Example  1. — What  angle  corresponds  with  a  sine  having  a  value  of 
.23457? 

Solution. — On  page  3  of  the  tables  of  sines,  in  the  column  headed 
13'',  we  find  the  value  .23458.  In  the  first  column  on  the  left  hand,  we 
find  34' ;  hence,  the  angle  is  13"  34',  very  nearly.     Ans. 

Example  2. — What  angle  corresponds  with  a  tangent  having  a  value 
of  1.23214? 

Solution. — Since  this  value  cannot  be  found  in  the  columns  marked 
*' Tangent "  at  the  top,  we  must  look  for  it  in  those  marked  "  Tangent " 
at  the  bottom.  In  the  column  marked  50"  at  the  bottom,  on  page  17 
of  the  tables,  we  find  the  nearest  tangent  1.23196,  and  in  the  right- 
hand  column  56'.  Hence,  the  angle  nearest  to  the  g^iven  tangent  is 
50**  56'.     Ans. 
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USE  OF  MILLING   MACHINE. 


SPECIALr  MILLING  ATTACHMENTS. 

1  •  Purpose  of  Attachments. — The  range  of  work  for 
which  a  milling  machine  is  adapted  can  be  greatly  extended 
by  means  of  special  attachments.  Those  in  most  common 
use  are:  circular  milling  attachments,  which  are  used  chiefly 
in  vertical  mjlling  machines  for  the  production  of  about  the 
same  kind  of  work  that  can  be  done  in  a  lathe;  vertical 
milling  attachments,  for  converting  a  horizontal  milling 
machine  temporarily  into  a  vertical  machine;  and  cam- 
cutting  attachments,  for  milling  cams  to  a  definite  shape  by 
the  aid  of  a  master  cam.  A  milling  attachment  is  occasion- 
ally applied  to  a  planer^  thus  converting  it  into  a  milling 
machine. 

The  list  of  special  milling  attachments  in  use  is  by  no 
means  exhausted  by  those  just  enumerated,  since  they  may 
take  almost  any  conceivable  form  suitable  for  the  purpose 
for  which  they  are  intended.  Few,  if  any,  of  these  special 
attachments  embody  features  that  call  for  a  description; 
most  of  them  are  simple  modifications  of  those  previously 
enumerated,  and  have  been  designed  to  meet  special  condi- 
tions and  requirements. 

2.  Circular  Milling  Attactiment.  —  A  common 
form  of  circular  milling  attachment  is  shown  in  Fig.  1.     It 
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consists  of  a  circular  table  a  fitted  to  the  base  ^  in  such  a 
manner  that  it  can  be  rotated  about  its  axis.  For  this 
purpose,  a  worm-wheel  is  placed  inside  of  the  base  which  is 
attached  to  the  table;  a  worm,  operated  by  the  hand  wheel  r, 
meshes  with  the  worm-wheel  and  serves  to  rotate  the  table. 


PlO.  1. 


The  particular  form  of  rotary  milling  attachment  here 
shown  is  only  intended  to  be  rotated  by  hand ;  such  attach- 
ments are  often  fitted  with  an  automatic  feed,  however,  that 
can  be  adjusted  to  start  and  stop  at  any  point. 


Pio.  s. 


3.  Fig.  2  shows  an  application  of  a  circular  milling 
attachment  differing  slightly  from  that  shown  in  Fig.  1. 
In  this  case,  the  work  «  is  a  worm-wheel  blank  that  is  being 
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« 

grooved  around  its  circumference  preparatory  to  cutting  the 
teeth.  A  form  cutter  b  is  used  for  grooving.  This  job 
might  be  done  in  the  lathe;  experience,  however,  has  shown 
that  the  work  can  be  done  as  well,  and  much  faster,  in  the 
milling  machine.  An  automatic  feed  is  of  decided  advan- 
tage for  work  that  is  to  be  milled  around  its  entire  periph- 
ery, or  the  greater  part  of  it;  in  the  attachment  shown,  the 
shaft  r,  which  carries  the  worm,  is  automatically  rotated  by 
the  feed  mechanism. 

4.  The  class  of  work  that  may  be  done  with  the  aid  of  a 
circular  milling  attachment  does  not  differ  in  general  from 
that  which  can  be  done  in  a  lathe.  In  addition,  some 
circular  work  can  be  done  for  which  the  lathe  is  not  at  all 
adapted,  as,  for  instance,  finishing  between  the  spokes  on 
the  inside  of  the  rim  of  hand  wheels,  and  the  cutting  of  cir- 
cular slots  closed  at  both  ends. 

# 

5*  Vertical  Milling  Attachment. — For  many  classes 
of  milling,  a  vertical  milling  machine  is  of  advantage  chiefly 
on  account  of  the  fact  that  the  operator  is  better  able  to 
see  the  cut.  In  order  to  obtain  this  benefit  from  a  hori- 
zontal machine,  it  may  be  fitted  with  a  suitable  device  for 
transforming  it,  for  the  time  being,  into  a  vertical  spindle 
machine.  While  such  an  attachment  cannot  be  expected  to 
have  as  large  a  range  as  a  vertical  milling  machine,  it  will 
greatly  extend  the  range  of  a  horizontal  machine,  and  if 
properly  designed,  will  allow  work  to  be  performed  that 
cannot  be  done  otherwise  except  by  a  special  machine,  such 
as  the  cutting  of  relatively  long  racks,  the  cutting  of  helixes 
having  a  very  large  angle  of  helix,  the  sawing  off  of  stock 
too  long  to  go  into  the  machine  in  the  ordinary  way,  that  is, 
placed  parallel  to  the  spindle,  and  similar  work. 

6.  Fig.  3  shows  one  form  of  a  vertical  milling  attach- 
ment. It  consists  of  a  frame  a^  which  carries  a  central  shaft 
fitted  to  the  hole  of  the  milling  spindle  and  inserted  therein. 
The  frame  of  the  attachment  is  secured  to  the  frame  of  the 
machine  in  such  a  manner  that  it  can  be  turned  completely 
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about  the  axis  of  the  horizontal  shaft,  and  can  be  rigidly 
clamped  in  any  position.  The  vertical  spindle  b  is  carried 
in  bearings  at  the  outer  end  of  the  frame ;  being  at  right 


.PlO.  8. 

angles  to  the  horizontal  spindle,  it  is  driven  either  by  bevel 
gears  or  by  screw  gears,  in  this  particular  case  being  driven 
by  the  former. 

7.  The  frame  of  the  attachment  is  graduated  to  degrees, 
and  a  zero  mark  placed  on  the  frame  of  the  machine  indi- 
cates, by  its  coincidence  with  the  zero  of  the  graduation, 
when  the  spindle  is  vertical;  i.  e.,  at  right  angles,  in  a  ver- 
tical plane,  to  the  horizontal  line  of  motion.  From  this  it 
follows  that  in  this  position  any  end  mill  will  cut  a  horizon- 
tal surface  parallel  to  the  line  of  motion,  and  any  plain  mill 
or  formed  mill  will  cut  in  a  vertical  plane  parallel  to  the 
line  of  motion.  By  swiveling  the  frame  of  the  attachment 
so  that  the  spindle  becomes  horizontal,  i.  e.,  lies  in  a  plane 
parallel  to  the  line  of  motion,  vertical  surfaces  can  be  cut 
with  an  end  mill,  and  horizontal  cuts  at  right  angles  (or  in 
case  of  a  table  arranged  to  swivel,  at  various  angles)  to  the 
line  of  motion  of  the  table  can  be  taken. 

8.  A  vertical  milling-machine  attachment  of  the  kind 
shown  can  be  used  for  helixes  in  three  ways,  two  of  which 
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incidentally  adapt  it  to  cases  where  the  table  cannot  be  con- 
veniently swiveled.  In  the  first  place,  the  attachment  may 
be  rotated  about  its  axis  to  suit  the  angle  of  the  helix;  that 
is,  it  may  be  set  so  that  the  spindl,e  of  the  attachment  makes 
a  vertical  angle  with  the  line  of  motion  of  the  table  equal  to 
the  difference  between  the  angle  of  the  helix  and  OO"*.  A 
plain  mill  or  formed  mill  attached  to  an  arbor  is  then  used, 
and  the  cut  is  taken  on  the  side  of  the  work. 

In  the  second  place,  the  attachment  may.be  set  with  its 
spindle  parallel  to  the  line  of  motion,  that  is,  horizontal. 
In  that  case,  the  milling-machine  table  must  be  set  over 
until  its  graduation  indicates  an  angle  equal  to  the  differ- 
ence between  the  angle  of  the  helix  and  90°.  Using  a  plain 
mill,  or  a  formed  mill,  or  a  similar  cutter  attached  to  an 
arbor,  the  cut  is  then  taken  on  top  of  the  work. 

'In  the  third  place,  the  attachment  may  be  set  with  its 
spindle  vertical,  that  is,  in  a  plane  perpendicular  to  the  line 
of  motion.  It  is  then  used  with  an  end  mill,  which  is  ap- 
plied on  top  of  the  work  for  grooving,  and  on  the  side  of  the 
work  for  plain  milling. 

As  a  general  rule,  the  first  and  the  third  methods  given 
will  allow  a  greater  range  of  work  to  be  done  and  allow 
longer  helixes  to  be  cut  without  interference  by  the  frame 
of  the  attachment  than  is  possible  with  the  second  method. 
Since  neither  the  first  nor  the  third  method  involves  a  set- 
ting over  of  the  milling-machine  table,  they  allow  a  plain 
milling  machine  to  be  converted  into  one  adapted  for 
spiral  work. 

9.  Cam  Classification. — The  cams  in  most  general 
use  may  be  classified  as  face  cams^  side  cams^  and  grooved 
cams,  A  face  cam  may  be  defined  as  a  cam  that  will  cause 
motion  in  a  direction  at  right  angles  to  its  axis  of  rotation, 
as,  for  instance,  the  cam  shown  in  Fig.  4  (a).  A  side  cam 
may  be  defined  as  a  cam  that  will  cause  motion  in  the  di- 
rection of  its  axis,  as  the  cam  shown  in  Fig.  4  {d).  A 
8:rooved  cam  may  have  the  groove  cut  into  its  face,  as 
the  one  shown  in  Fig.  4  (c) ;  in  this  case,  it  will  cause  motion 
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in  the  direction  of  its  axis,  and  may  be  called  a  g^rooved 
side  cam,  since  it  causes  a  motion  similar  to  that  of  a  side 
cam.  The  groove  may  be  cut  in  the  side  of  the  cam,  how- 
ever, as  shown  in  Fig.  4  {d) ;  in  that  case,  the  motion  will 
be  similar  to  that  caused  by  a  face  cam  and,  hence,  it  may 
be  called  a  grooved  face  cam.     The  term  '*  cylindrical 
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cam  "  is  often  applied  to  cams  of  the  kind  shown  in  Fig.  4  (r). 
Cams  of  the  form  shown  in  Fig.  4  (a)  and  {d)  are  often 
called  radial  cams,  and  cams  that  cause  motion  in  the  direc- 
tion of  their  axes,  as  those  shown  in  Fig.  4  {b)  and  (r),  are 
sometimes  called  axial  cams. 

lO.  Cam-Cuttingr  Attacliment.  —  Nearly  all  the 
cam  cutting  that  is  done  in  the  milling  machine  may 
be  classified  under  the  heading  of  duplicate  work;  in  ma- 
king a  cam,  the  shape  of  the  working  surface  is,  as  a  gen- 
eral rule,  determined  by  a  master  cam,  which  serves  as 
a  guide,  or  templet,  for  guiding  the  work  in  relation  to 
the  cutter. 

Fig.  6  shows  one  form  of  a  cam-cutting  attachment  in 
place  on  a  milling  machine,  and  will  serve  to  show  the  prin- 
ciple involved  in  the  construction  of  nearly  all,  if  not  all, 
such  attachments. 

A  false  table  a  is  bolted  to  the  regular  milling-machine 
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table ;  a  slide  b  is  gibbed  to  the  false  table,  and  is  free  to 
slide  along  it.  The  slide  b  carries  a  ■  shaft  c  in  a  bearing 
formed  in  it;  this  shaft  is  at  right  angles  to  the  line  of  mo- 
tion of  the  slide  and  carries  a  worm-wheel  d  with  which  a 
worm  e  meshes.  The  shaft  c  can  be  rotated  by  hand  or 
automatically;  in  the  latter  case,  the  pulley  f  is  belted  to 
some  suitable  feed-piilley  of  the  machine.  In  order  that  the 
shaft  c  may  be  driven  automatically  in  any  position  of  the 
slide,  the  worm-shaft  is  splined  and  is  driven  by  a  feather 


FlO.  E. 

attached  to  a  sleeve  that  carries  the  pulley y.  The  shaft  c 
is  so  arranged  that  it  can  either  be  left  free  to  slide  in  the 
direction  of  its  axis  or  can  be  confined  longitudinally;  in 
the  latter  case,  it  can  only  rotate  about  its  axis.  The  master 
cam  g  and  the  work  k  are  both  fastened  to  the  shaft  c\  a 
roller  carried  by  the'stationary  bracket  (  engages  with  the 
master  cam,  which  is  held  against  the  roller  by  a  heavy 
weight  k  attached  to  the  slide  b.     It  is  easily  seen  that  by 
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turning  the  master  cam  the  slide  is  set  in  motion,  and  that 
a  milling  cutter  will  cut  the  work  to  an  outline  depending 
on  the  shape  of  the  master  cam.  With  the  attachment  in 
the  position  shown  in  the  illustration,  face  cams  having  their 
working  surface  either  on  the  inside  or  on  the  outside,  and, 
also,  grooved  face  cams  can  be  cut. 

11.  For  milling  plain  or  grooved  side  cams,  a  properly 
made  master  cam  is  fastened  to  the  shaft  c^  which  is  then 
unlocked  in  order  to  allow  it  to  slide.  The  whole  attach- 
ment is  now  turned  around  until  it  is  at  right  angles  to  the 
position  shown  in  the  illustration.  The  weight  k  is  then 
attached  to  the  shaft  c^  and  the  roller  in  the  stationary 
bracket  /  engaging  with  the  side  of  the  master  cam,  the 
shaft  and  the  attached  work  will  slide  in  and  out,  as  in- 
duced by  the  master  cam.  The  automatic  feed  may  be 
driven,  in  this  case,  from  the  pulley  /.  It  will  be  under- 
stood that  when  cutting  side  cams  in  this  manner,  the 
slide  b  must  be  locked  to  the  false  table  a, 

1 2.  While  this  device  will  cut  cams  from  a  master  cam, 
it  will  not  produce  a  master  cam.  This  must  be  produced  in 
some  other  manner  first;  in  many  cases  the  curves  of  the 
master  cam  are  such  that  it  can  advantageously  be  finished 
to  the  correct  shape  by  milling,  or,  perhaps,  the  greater 
part  can  be  finished  by  milling  and  the  rest  by  filing. 

13.  Planer  Milling  Attactunent. — Fig.  6  shows  a 
milling  attachment  used  for  converting  a  planer  into  a  mill- 
ing machine.  It  consists  of  a  head  a  and  an  outboard 
bearing  ^,  both  of  which  are  attached  to  the  regular  planer 
cross-rail.  The  head  a  carries  the  spindle  r,  which  is  bored 
out  to  take  an  arbor  or  the  shank  of  a  cutter.  The  spindle 
is  driven  from  the  pulley  d  by  the  intervention  of  suitable 
gearing.  Since  the  regular  speed  of  the  planer  platen  is 
entirely  too  high  to  be  suitable  for  the  feed,  a  countershaft 
will  usually  have  to  be  introduced  in  order  to  lower  the 
speed  of  the  platen,  or  some  other  equivalent  device  must 
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be  used.     The  cutter  is  adjusted  for  depth  of  cut  by  moving 
the  cross-raii  up  or  down  the  housings ;  the  sidewise  position 


of  the  cutter  is  adjusted  by  moving  the  regular  planer 
head  e,  to  which  the  head  a  and  outboard  bearing  b  are  tied 
by  the  rod  /. 

In  the  particular  design  of  attachment  shown,  the  head  a 
is  arranged  so  that  it  can  be  swiveled.  This  allows  angular 
cuts  to  be  made  with  a  plain  mill  or  a  side  mill,  and  greatly 
extends  the  range  of  work  that  may  be  done. 

14.  The  attachment  illustrated  will  quite  satisfactorily 
convert  a  planer  into  a  milling  machine;  it  is  rather  doubt- 
ful, however,  whether  such  a  makeshift  will  do  as  much 
and  as  good  work  as  a  regular  machine  designed  especially 
to  withstand  the  strains  to  which  it  is  subjected  by  the 
milling  operation.  On  the  other  hand,  it  allows  work  to  be 
done  in  one  setting  that  cannot  be  di>ne  otherwise  without 
two  separate  machines,  since  it  allows  some  parts  of  the 
work  to  be  finished  by  milling,  as,  for  instance,  straight 
grooves  having  an  irregular  profile,  and  allows  the  rest  of 
the  work,  as  undercuts,  etc.,  to  be  finished  by  planing. 

C.S.    l!.—2i 
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TAKING  THE  CUT. 


Fig.  7. 


DIRBCTION  OF  FBBD. 

15.  Methods  of  Feeding. — There  is  a  great  diversity 
of  opinion  among  the  builders  of  milling  machines  as  to  the 
direction  the  feed  should  have  with  respect  to  the  direction  of 
rotation  of  the  cutter.  Perhaps  the  majority  of  builders  of 
milling  machines  is  in  favor  of  feeding  the  work  asainst 

the  cutter ;  that  is,  with 
the  cutter  rotating  in 
the  direction  of  the  ar- 
row jr,  Fig.  7,  they  hold 
that  the  work  a  should 
be  fed  in  the  direction 
of  the  arrowy.  In  this 
case,  the  tendency  of 
the  cutter  is  to  push 
the  work  away  from 
the  cut.  On  the  other 
hand,  there  are  other  builders,  among  whom  may  be  men- 
tioned the  Pratt  &  Whitney  Company,  who  are  in  favor  of 
feeding  the  work  inrltti  the  cutter,  or  if  the  cutter  revolves 
in  the  direction  of  the  arrow  ;r,  they  feed  the  work  b  in  the 
direction  of  the  arrow  z.  In  this  case,  there  will  exist  a 
tendency  to  draw  the  work  toward  the  cutter. 

« 

1 6.  Cboice  of  Metliod. — It  is  by  no  means  settled  as 
to  which  method  of  feeding  will  produce  the  best  results;  it 
is  probable  that  under  proper  conditions  just  as  good  results 
can  be  secured  with  one  method  as  with  the  other.  From 
this  it  must  not  be  inferred,  however,  that  a  machine  built 
and  intended  for  feeding  against  the  cutter  is,  without  fur- 
ther preparation,  adapted  for  the  other  way  of  feeding;  an 
attempt  to  do  so  with  such  a  machine  is  not  likely  to  be 
repeated  by  the  experimenter  on  account  of  the  destructive 
results  of  the  experiment. 

As  previously  stated,  by  feeding  the  work  in  the  direction 
of  the  arrow  -sr.  Fig.  7,  while  the  cutter  is  revolving  in  the 
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direction  of  the  arrow  ;r,  that  is,  feeding  with  the  cutter, 
there  will  be  a  tendency  to  draw  the  work  toward  the  cut- 
ter. Taking  a  machine  arranged  for  feeding  against  the 
cutter  and  attempting  to  feed  with  the  cutter,  the  latter 
will  suddenly  draw  the  work  toward  it  at  the  beginning  of 
the  cut  to  an  extent  depending  on  the  amount  of  backlash 
between  the  feed-screw  of  the  milling-machine  table  and  the 
nut  in  which  it  works.  In  consequence  of  this,  the  cutter 
will  climb  up  on  the  work ;  either  the  cutter  will  break,  or 
the  arbor  will  be  bent,  or  the  work  will  be  broken.  In  any 
case,  the  result  is  exactly  what  might  have  been  anticipated. 

17.  The  whole  trouble  is  due  to  the  backlash  always  ex- 
isting between  the  feed-screw  and  its  nut;  by  taking  up  the 
backlash  in  the  proper  manner,  or,  more  correctly  speaking, 
by  transferring  it  to  a  place  where  it  can  do  no  harm,  a 
machine  built  to  feed  against  the  cutter  can  be  made  to  feed 
with  the  cutter.  The  usual  and  most  obvious  way  to  pre- 
vent the  table  from  jumping  forwards,  is  to  hold  it  back  by 
a  heavy  weight  attached  to  a  cord  or  chain  fastened  to  the 
table ;  the  cord  or  chain  then  passes  over  a  pulley  placed  in 
line  with  the  table. 

1 8.  Considering  the  case  of  a  milling  machine  arranged 
to  feed  with  the  cutter,  it  can  be  used  with  impunity  for 
feeding  against  the  cutter,  on  account  of  the  fact  that  there 
is  no  tendency  for  the  work  to  jump  toward  the  cutter. 

1 9.  Milllnfir  Work  Wltli  a  Hard  Surface.— When 
the  work  to  be  milled  has  a  hard  surface,  as  iron  castings, 
steel  castings,  and  some  forgings,  or  has  a  surface  in  which 
sand  is  embedded,  as  is  the  case  with  brass  and  similar  cast- 
ings that  have  not  been  pickled,  the  consensus  of  opinion 
seems  to  be  that  it  is  better  to  feed  the  work  against  the 
cutter,  since  then  the  cutting  teeth  will  get  in  below  the  hard 
surface,  and,  working  in  the  soft  metal,  will  keep  sharp 
much  longer.  Assume  the  tooth  r,  Fig.  7,  to  be  cutting  and 
the  surface  d  of  the  work  to  be  covered  with  a  hard  scale. 
Then,  it  can  be  seen  that  the  tooth  c  comes  up  from  below 
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the  scale  and  instead  of  cutting  through  it,  will  pry  the 
scale  off  and  crumble  it.  In  this  connection,  it  may  be  weK 
to  mention  that  a  prominent  firm  states  as  the  result  of 
experiments,  in  feeding  iviih  the  cutter  and  against  it  when 
milling  iron  castings  having  a  hard  scale,  that  by  feeding 
against  the  cutter,  the  latter  lasted,  without  sharpening, 
eight  times  as  long  on  an  average  as  when  feeding  with 
the  cutter. 

When  the  work  to  be  milled  is  of  uniform  hardness 
throughout,  the  objection  of  dulling  the  cutter  rapidly  by 
feeding  with  it  disappears,  and  just  as  good  work  can  be 
done  by  feeding  with  the  cutter  when  everything  is  properly 
arranged  for  that  system  of  feeding. 


APPLICATION   OF  THG    CUTTER. 

20.  General  Rule.  —  There  is  one  general  rule  in 
regard  to  taking  the  cut  that  applies  to  either  system  of 
feeding.  This  may  be  stated  as  follows:  Always  take  the 
cut  in  such  a  manner  that  the  cutter  cannot  draw  the  work 
toward  itself. 

In  other  words,  whenever  circumstances  permit,  so 
arrange  the  feed  and  machine  that  neither  the  cutter,  work, 
nor  machine  will  be  damaged  by  any  slipping  of  the  work. 

21.  Influence  of  Spring;. — Fig.  8  is  an  example  that 
brings  out  some  of  the  points  to  be  taken  into  consideration 
in  determining  the  proper  direction  of  the  feed.  In  this 
case,  a  cylindrical  piece  of  work  is  held  in  the  chuck;  it  is 
required  to  cut  a  rectangular  groove,  the  bottom  of  which 
is  shown  by  the  dotted  line  a  across  the  end  of  the  work. 
With  the  cutter  rotating  in  the  direction  of  the  arrow  x^ 
and  feeding  in  the  direction  of  the  arrow  j,  i.  e.,  feeding 
zvith  the  cutter,  there  will,  obviously,  be  a  tendency  to  draw 
the  work  toward  the  cutter.  Now,  while  it  is  possible  to 
transfer  the  backlash  that  allows  the  work  to  jump  toward 
the  cutter  to  a  place  where  it  will  do  no  harm  by  weighting 
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the  table  back,  it  is  not  possible  to  get  rid  of  the  spring 
of  the  work  itself,  and  of  any  spring  that  may  exist  in  the 
index  head  carrying  the  chuck. 

With  the  cutter  rotating  as 
shown  by  the  arrow  x,  it  should, 
in  this  case,  be  to  the  left  of  the  ^^  'k^^y JJ  / 
work,  or  in  the  position  shown  '  ^^~"'''  '' 
in  dotted  lines,  and  the  work 
should  be  fed  against  the  cutter, 
as  shown  by  the  arrow  s.  The 
work  will  then  spring  azvay  from 
the  cutter,  and  there  will  be  no 
danger  of  its  catching  and  break- 
ing the  latter. 

From  this  example,  it  is 
learned  that  the  spring  of  the 
work  and  of  the  attachment  in 
which  it  is  held  must  be  taken 
into  consideration,  and  that  al- 
lowance must  be  made  for  it  in  determining  the  proper 
direction  of  feed. 


22.     Example  of  Feeding  "Wltli  tbe  Cutter. — Occa- 
sionally it  is  a  decided  advantage  to  feed  with  the  cutter 

when  the  machine  can 
be  arranged  to  allow 
this  to  be  done.  Thus, 
for  instance,  consider 
the  piece  a  shown  in 
Fig.  9  to  be  held  in  the 
vise  and  resting  on  the 
packing-block  b.  It  is 
required  to  rough  the 
upper  surface  down  to 
the  dotted  line  shown. 
Then,  with  the  cutter  revolving  in  the  direction  of  the 
arrow  x  and  feeding  in  the  direction  of  the  arrow  )\  the 
pressure  of  the  cut  is  mainly  downwards,  there  being  no 
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tendency  at  all  to  lift  the  work.     In  cdnsequence,  the  work 
will  be  pressed  firmly  against  the  packing-block. 

■ 

As  previously  stated,  no  attempt  should  be  made  to  take 
a  cut  in  this  manner  unless  the  machine  is  arranged  to  suit 
this  method  of  feeding,  and  the  work  is  of  uniform  hardness. 


23.  supping  of  "Work. — Fig.  10  is  an  example  show- 
ing that  there  is  occasionally  a  right  and  a  wrong  way  of 
applying  the  cutter  to  the  work,  even  after  the  direction  of 
feed  that  is  considered  proper  has  been  adopted.  In  this 
case,  it  has  been  determined  to  feed  against  the  cutter;  the 
work  a  is  held  between  the  vise  jaws,  as  shown,  and  a  cut 
is  to  be  taken  at  an  angle  other  than  90**  with  the  top 
surface  of  the  work.  This  particular  job  occurs  in  making 
forming  tools  for  fly  cutters  and  formed  milling  cutters. 
The  depth  and  direction  of  the  cut  are  given  by  the  dotted 

line  b.  Now,  with 
the  cutter  above 
the  work  and  rota- 
ting in  the  direction 
of  the  arrow  x^  to 
feed  against  the 
cutter  the  feed 
must  be  as  shown 
by  the  arrow  y. 
While  feeding  in 
this  manner,  as- 
sume that  the  work 
slips,  as  is  very  liable 
to  happen.  Then,  the  work  will  rotate  about  a  point  some- 
where near  ^,  and  the  end  operated  on  will  move  in  an  arc 
about  as  de^  or  toward  the  cutter.  The  natural  result  of 
this  will  be  that  something  must  give  way,  and  either  the 
cutter  or  the  work,  or  both,  will  be  ruined. 

In  order  to  overcome  the  evil  effect  of  slipping,  the  cutter 
should,  in  this  case,  commence  to  cut  at  the  bottom ;  it 
should  revolve  in  the  direction  of  the  arrow  2  and  the  feed- 
ing should  occur  in  the  direction  given  by  the  arrow  y.     In 
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case  of  slipping,  the  work  will  then  move  away  from  the 
cutter,  and  there  is  little  likelihood  of  its  being  spoiled  by  it. 

24.     The  rectangular  work  a  shown  in  Fig.  11  requires 
a  slot  to  be  cut  in  its  end;  the  depth  of  the  slot  is  indicated 


Fig.  It. 

by  the  curved  dotted  line  b.  If  the  work  is  at  all  long,  and 
a  horizontal  machine  is  used,  it  will  have  to  be  held  in  the 
vise  so  that  its  surfaces  a*  and  a'  are  in  contact  with  the 
vise  jaws.  So  far  as  the  direction  of  the  feed  is  concerned, 
no  choice  is  possible  in  this  case;  it  must  be  in  the  direction 
indicated  by  the  arrow  y.  Now,  considering  the  direction  of 
rotation  of  the  cutter,  it  may  either  be  as  shown  by  the 
arrow  x  or  the  arrow  z  (in  the  latter  case  the  cutter  would 
naturally  be  reversed). 

This  is  a  case  of  milling  where  it  is  not  possible  to  over- 
come the  evil  effect  of  slipping  of  the  work,  for,  no  matter 
which  way  the  cutter  rotates,  the  catching  of  the  cutter  due 
to  excessive  feeding  will  not  push  the  work  out  of  the  way, 
but  will  either  lift  up  or  depress  the  end  operated  on.  If 
slipping  occurs,  it  is  preferable  to  have  it  take  place  in  an 
upward  direction;  the  work  will  then  rotate  about  the 
corner  c  of  the  vise,  and  the  corner  e  of  the  slot  will  rapidly 
come  clear  of  the  cutter.  In  order  that  .slipping  will  take 
place  in  this  manner,  the  cutter  must  revolve  in  the  direc- 
tion of  the  arrow  x.  Now,  assume  that  the  cutter  revolves 
in  the  direction  indicated  by  the  arrow  z.     Then,  should  the 
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work  slip,  its  end  will  rotate  downwards  about  the  corner  d 
of  the  vise;  that  is,  it  will  be  drawn  in  between  the  vise  and 
cutter  with  results  that  are  likely  to  be  disastrous  to  the 
vise,  cutter,  and  work. 

From  the  foregoing  explanations,  the  conclusion  may  be 
drawn  that  when  it  is  not  possible  to  make  the  work  slip 
away  from  the  cutter,  it  should  be  the  aim  to  so  arrange 
everything  that  slipping  will  do  the  least  possible  amount 
of  damage. 


SLOTTING   WITH  END  MILLS. 

25.  Cases  Arising  in  Practice. — In  cutting  slots  or 
grooves  with  end  mills,  three  cases  arise  in  practice,  as  fol- 
lows: Cutting  from  the  solid  metal;  finishing  in  one  oper- 
ation two  sides  of  a  slot  that  has  previously  been  roughed 
out;  and  finishing  each  side  of  a  slot  separately. 

26.  Slotting  From  Solid  Metal. — When  cutting  a 
slot  or  a  groove  out  of  the  solid  metal,  as  is  shown  in  Fig.  12, 
either  a  right-handed  or  a  left-handed  cutter  may  be  used, 


depending  on  which  is  available.     The  direction  of  the  feed 

in  respect  to  the  rotation  of  the  cutter  is  only  influenced  by 
the  manner  in  which  the  cutter  must  turn  in  order  to  cut. 

Considering  a  left-handed  cutter,  as  shown  in  Fig.  13  {a), 
which  is  a  view  looking  tou'ard  the  spindle,  it  can  be  seen 
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that  the  cutter,  which  naturally  has  a  tendency  to  spring 
away  from  the  cut  when  cutting  on  the  side  a,  will  crowd 
upwards,  as  there  is  always  some  spring  to  an  end  mill.  In 
consequence  of  this,  the*  slot  or  groove  will  be  slightly  above 
the  position  for  which  the  cutter  is  set.  When  the  cutter 
approaches  the  work  so  that  its  side  b  is  cutting,  the  cutter 
will  crowd  downwards;  the  slot  or  groove  will  then  be  cut 
slightly  below  the  position  of  the  cutter. 

When  a  right-handed  cutter  is  used,  as  shown  in  Fig.  12  (^), 
and  when  feeding  so  that  the  side  a  does  the  cutting,  the 
cutter  will  crowd  downwards.  Should  the  cutter  be  applied, 
however,  in  such  a  manner  that  the  side  b  will  do  the  cut- 
ting, it  will  crowd  upwards. 

27.  A  slot  or  groove  cut  from  the  solid  metal  and  not 
finished  any  further  must  not  be  expected  to  be  very  true 
throughout  its  length.  The  reason  for  the  deviations  from 
truth  that  will  be  found  lies  in  the.  fact  that  the  metal  op- 
erated on,  no  matter  how  good  it  may  be,  is  neither  perfectly 
homogeneous  nor  of  uniform  hardness.  In  consequence  of 
this,  the  cutter  will  crowd  over  to  a  varying  extent  with  the 
result  that  the  sides  will  not  be  true.  On  account  of  this 
fact,  a  slot  or  a  groove  cut  with  an  end  mill  should  always 
be  finished  by  milling  either  both  sides  simultaneously  after 
roughing  out  or  each  side  separately,  when  a  good  job  is 
desired. 

28.  Flnisbingr  Slots  In  One  Operatioi{. — When  both 
sides  of  a  slot  or  groove  are  to  be  finished  simultaneously, 
the  cutter  must  obviously  have  a  diameter  equal  to  the 
finished  width.  In  setting  the  cutter,  the  mistake  of  set- 
ting it  in  such  a  manner  that  it  will  take  cuts  of  equal  depths 
must  not  be  made,  if  good  work  is  desired.  This  mistake  is 
so  common  that  it  has  led  many  persons  to  seriously  doubt 
the  possibility  of  milling  true  and  nicely  finished  slots  and 
grooves  with  an  end  mill. 

29.  Fig.  13  {a)  shows  a  groove  that  is  being  finished  with 
a  left-handed  end  mill  set  central  in  respect  to  the  roughed- 
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out  grooTC.  In  this  case,  the  feeding  takes  place  in  the 
direction  of  the  arrow  x.  Considering  the  teeth  of  the 
upper  half  of  the  cutter,  it  is  seen  that  the  feeding  is  done 
against  the  cutter;  considering  the  lower  half  of  the  cutter, 
the  feeding  is  seen  to  be  with  the  cutter.  Now,  during 
feeding,  there  will  be,  at  the  bottom,  a  greater  tendency  for 
the  cutter  to  draw  the  work  toward. itself  than  there  will  be 


Fro,  18. 
at  the  top  to  push  the  work  away;  if  the  work  cannot  move, 
the  cutter  will  spring  forwards  and  the  consequence  will  be 
either  broken  teeth  or  a  rather  ragged  groove,  in  case  the 
teeth  are  strong  enough  to  stand  the  strain.  When  the 
amount  of  metal  removed  is  very  small,  the  evil  effects  of 
this  manner  of  setting  are  naturally  not  so  pronounced  as 
in  cases  where  a  fairly  heavy  cut  is  taken. 

30.  The  proper  way  of  setting  the  cutter  is  shown  in 
Fig.  13  {b).  Here  the  cutter  is  set  so  that  the  depth  of  cut 
on  the  side  where  the  feeding  is  done  against  the  cutter  is 
about  twice  as  great  as  on  the  other  side;  in  consequence  of 
this,  the  tendency  of  the  cutter  to  jump  forwards  is  over- 
balanced by  the  resistance  due  to  the  greater  depth  of  cut, 
and  the  result  will  be  a  fairly  smooth  and  true  groove. 

From  the  foregoing  statements,  the  conclusions  are  to  be 
drawn  that  when  a  smooth  and  true  groove  or  slot  is  to  be 
finished  on  both  sides  with  an  end  mill,  the  center  of  the 
roughed  groove  or  slot  should  lie  on  that  side  of  the  center 
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of  the  finished  groove  or  slot  where  the  feeding,  while  finish- 
ing it,  will  be  with  the  cutter. 

31.    PlnistaloK  Slots  In  Two  Operations. — It  is  the 

opinion  of  many  milling-machine  operators  that  the  best 
results  in  cutting  slots  and  grooves  with  end  mills  can  be 
obtained  by  finishing  each  side  separately;  this  involves 
using  a  milling  cutter  a  little  smaller  than  the  finished  size. 
Whenever  circumstances  permit  it,  the  roughing  out 
should  be  done  with  a  face  cutter,  which  can  be  crowded 
harder  and  will  cut  faster  than  an  end  mill,  chiefly  by  r 
of  its  being  more  rigid. 


PBBDING  INTO  COtlNBRS. 

32.     UndercuttloK  of  Face  Cutter. — When  taking  a 
shallow   cut  against-  a  high  shoulder,  or  feeding  Into  a 
corner,  as  it  is  called,  it  will  be  found,  as  is  shown  in  Fig.  II, 
that  the  curved  shoulder  cut  by  the  cutter,  instead  of  being 
tangent  to  the  bottom  a  of  the  cut,  or  as  shown  by  the  dot- 
ted curve,  falls  below  the  bottom,  being  about  as  is  shown  by 
the   full   curved   line.      The 
reason  for  this  phenomenon 
lies  in  the  fact  that  no  mat- 
ter how  stiff  an  end  cutter 
or  a  cutter  arbor  may  be,  it 
will  still  deflect  to  a  certain 
extent  under  the  action  of  a 
relatively  small  force.     Now, 
in  the  case  of  feeding  into  a 
corner,  the  pressure  on  the  ^°-  '*■ 

arbor  due  to  the  cutting  operation  is  about  in  the  direction 
of  the  arrow  x;  that  is,  there  exists  a  tendency  to  draw  the 
cutter  to  the  work,  and  since  the  arbor  can  yield,  the  cytter 
will  be  drawn  in  enough  to  show  distinctly  the  undercutting 
illustrated  in  the  figure. 

This  undercutting  is  least  marked  with  a  low  shoulder, 
but  rapidly  increases  as  the  height  of  the  shoulder  becomes 
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greater.  It  can  be  overcome  to  some  extent  by  using  a 
stiller  arbor,  or,  if  possible,  by  supporting  tlie  arbor  by  an 
outboard  bearing;  the  only  way  in  which  it  can  be  entirely 
overcome,  however,  is  by  taking  the  cutter  slightly  away 
from  the  work,  or  vice  versa,  when  the  shoulder  is  almost 
reached.  This  naturally  calls  for  some  skill  and  judgment 
on  the  part  of  the  operator;  the  exact  amount  that  the 
■  cutter  and  work  must  be  separated  can  be  determined  only 
by  experiment  in  each  particular  case. 

33.  Undercutting  of  End  Mill. — The  phenomenon 
of  undercutting  manifests  itself  to  a  more  marked  degree  at 

the  termination  of  slots  cut 

with  an  end  mill,  as  shown 

in   Fig.    15.     As   previously 

stated,  the  cutter  shown  will 

crowd  upwards,  and,  hence, 

its  actual  path  will  be  given 

by  a  line,  as  a,  Fig.  15,  while 

d  represents  the  path  of  the 

cutter  for  which  the  machine 

^'°-  "■  is  set.    When  the  cutter  is  at 

the  termination  of  the  slot,  that  is,  when  the  feed  has  been 

stopped,  it  will  tend  to  spring  back  to  its  normal  position, 

and,  in  consequence,  it  will  cut  under  until  all  spring  is  gone. 

The  undercutting  can  be  minimized,  as  in  the  previous 

case,  andean  be  largely  prevented  by  a  slight  movement  of 

the  cutter  or  work  in  the  proper  direction  at  the  moment 

the  feed  is  stopped.     For  instance,  if  the  tendency  of  the 

cutter  is  to  go  down,  the  work  should  be  lowered  slightly  or 

the  cutter  raised ;  if  the  tendency  of  the  cutter  is  to  go  up, 

the  work   should  be   raised   or   the   cutter   lowered.     The 

exact  amount  of  movement  is  a  matter  of  experiment  and 

judgment  in  any  case. 

34.  Referring  again  to  Fig.  15,  let  the  feed  be  reversed 
when  the  cutter  has  reached  the  termination  of  the  groove, 
or  slot.  Then,  since  in  this  operation  the  cutter  is  slightly 
below  the  lower  surface,  it  will  cut  it  away  to  some  extent 
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when  fed  over  it  again,  thus  widening  the  groove.  From 
this  we  learn  that  a  milling  cutter  used  for  cutting  two 
sides  of  a  groove,  or  slot,  simultaneously,  will,  if  fed  over 
the  work  in  opposite  directions,  cut  a  path  wider  than  its 
own  diameter. 


STARTING  THE  CUT. 

35.  After  the  machine  has  been  adjusted  so  that  the 
cutter  will  take  the  desired  depth  of  cut,  the  machine  is 
started  and  the  cutter  is  brought  almost  in  contact  with  the 
edge  of  the  work.  The  cut  is  then  started  either  by  throw- 
ing in  the  automatic  feed  or  by  careful  feeding  by  hand. 
On  the  whole,  the  method  of  starting  the  cut  by  means  of 
the  automatic  feed  is  considered  preferable,  as  there  are  less 
chances  for  an  accident  to  occur.  When  a  cut  is  started  by 
hand,  any  carelessness  may  result  in  pushing  the  work  in 
deeply  between  two  teeth   of  the   revolving   cutter,  as   is 


Fig.  16. 

shown  in  Fig.  16  (a)^  with  the  result  that  the  cutter  will  be 
broken,  or  the  work  spoiled,  or  both.  But,  if  the  automatic 
feed  is  used,  or  very  careful  hand  feeding  equivalent  to 
automatic  feeding  is  done,  the  teeth  of  the  cutter  will 
approach  the  work  gradually  and  take  successive,  easy 
cuts,  as  shown  in  Fig.  10  (d),  without  undue  straining  of 
the  cutter  and  the  work.  Since  even  very  careful  hand 
feeding  will  never  be  as  uniform  as  automatic  feeding,  the 
latter  is  preferable  whenever  circumstances  permit  it  to  be 
used. 
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RUNNING  OUT  THE  CUT. 

36.  When  a  heavy  cut  is  run  over  a  piece  of  relatively 
brittle  metal,  as  cast  iron,  it  will  be  noticed  that  where  the 
cut  runs  out,  the  edge  will  be  broken  to  a  considerable 
extent,  especially  when  a  rather  wide  straight-tooth  cutter 
is  used.  This  chipping  can  be  reduced  to  a  minimum  by 
beveling  the  edge  where  the  cut  runs  out  to  an  angle  of 
about  45°,  just  as  is  done  in  planer  and  shaper  work. 


REVOLUTION   MARK  AND  BRACING. 

37.  Cause  of  Revolution  Marks. — When  a  milled 
surface  is  carefully  examined,  it  will  be  found  to  have  a  wavy 
appearance,  with  what  might  be  called  the  ** crest"  of  the 
waves  recurring  at  regular  intervals.  It  has  been  noticed 
that  the  distance  between  the  crests  is  generally  equal  to 
the  traverse  of  the  work  for  one  revolution  of  the  cutter; 
on  account  of  this  fact,  the  general  name  of  revolution 
marics  is  applied  to  the  collection  of  marks  distinctly  due 
to  the  milling  operation. 

Revolution  marks  are  due  to  one  or  more,  or,  perhaps, 
all  of  several  causes,  as  follows:  a  cutter  that  does  not  run 
absolutely  true,  a  yielding  machine,  springy  work,  and  the 
use  of  too  light  an  arbor. 

38.  The  width  of  each  revolution  mark  seems  to  depend 
entirely  on  the  amount  of  feed  per  revolution;  from  this  it 
follows  that  cutting  down  the  feed  will  cause  smoother 
milling.  In  case  the  feed  is  cut  down,  the  speed  of  the 
cutter  may  be  increased.  The  depth  of  the  revolution 
marks  depends  on  the  amount  of  vibration  existing,  and  as 
the  vibration  is  chiefly  due  to  the  fact  that  the  cutter  does 
not  run  absolutely  true,  an  attempt  to  reduce  the  depth 
should  commence  with  truing  the  cutter.  This  should  be 
followed  by  supporting  the  cutter,  whenever  circumstances 
permit,  by  means  of  an  outboard  bearing,  which  in  turn 
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should  be  rigidly  braced  after  the  machine  has  been  set  for 
the  correct  depth  of  cut. 


:  /s^ 


39.  Bracing.  —  Most  modern  machines  are  supplied 
with  braces  that  will  tie  the  outboard  bearing  either  directly 
to  the  frame  or  to  some  machine  part 
that  in  turn  can  be  clamped  to  the  frame. 
Most  commonly,  two  slotted  braces  are 
pivoted  to  the  knee;  a  clamping  bolt 
then  passes  through  the  slots  of  the 
braces  and  ties  them  to  the  outboard 
bearing. 

Fig.  17  is  a  less  common  design  in- 
tended for  a  horizontal  machine.  The 
brace  is  an  iron  casting;  a  hole  a  is 
bored  at  the  top  to  fit  a  projecting 
shoulder  of  the  outboard  bearing,  to 
which  it  can  be  clamped  by  means  of  the 
bolt  b.  Stud  bolts  are  screwed  into  the 
face  of  the  knee  and  pass  through  the 
slots  r  and  d;  the  studs  carry  nuts  and  washers  and  are  used 
for  clamping  the  brace  to  the  knee.  The  slots  in  the  brace 
allow  the  knee  to  be  adjusted  for  height. 


PlO.  17. 


40«  Reduction  of  Revolution  Marks. — While  the 
revolution  marks  can  be  cut  down  to  a  minimum  by  a  true- 
running  cutter,  well-supported  work,  and  a  properly  braced 
machine,  they  will  never  entirely  disappear,  for  no  matter 
how  well  the  bracing  is  done  and  how  stiff  the  machine, 
there  will  still  be  some  vibration.  Furthermore,  no  matter 
how  true  a  cutter  is  ground,  it  will  not  stay  true.  It  is  a 
practical  impossibility  to  harden  a  cutter  so  that  all  of  its 
teeth  will  be  of  exactly  the  same  hardness;  consequently, 
the  softer  teeth  will  wear  down  faster  than  the  hard  ones 
and,  hence,  the  cutter  will  soon  run  slightly  out  of  true. 
To  sum  up:  The  revolution  marks  can  be  decreased  by  a 
fine  feed,  a  true-running  and  well-supported  cutter,  prop- 
erly blocked  up  work,  and  a  rigid,  well-braced  machine. 
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SETTING  THE  MACHINE. 


ADJUSTMENT  OF  8PBBD  AND  FBBD. 

41.  Deftnltion.  —  Under  the  general  appellation  of 
setting  the  macblne  is  included  the  selection  of  a  proper 
cutting  speed  and  feed,  and  arranging  the  machine  for 
them ;  setting  the  cutter  or  cutters  for  depth,  sidewise,  and 
for  width  of  cut;  and  adjusting  the  automatic  feed  to  trip 
at  the  required  point. 

42.  AdUustlns  the  Speed. — After  a  cutting  feed  and 
speed  as  directed  by  judgment  have  been  selected,  the 
driving  belt  and  feed-belt  are  placed  on  the  proper  steps  of 
their  respective  cone  pulleys.  The  determination  of  the 
proper  step  to  use  is  a  very  simple  matter  when  the  number 
of  revolutions  that  the  milling-machine  spindle  makes  with 
the  driving  belt  on  the  different  steps  is  known.  This  is 
found  quickest  by  actually  counting  for  1  minute,  using  a 
revolution  indicator  for  this  purpose.  Then,  to  find  what 
number  of  revolutions  corresponds  to  a  given  surface  speed 
of  the  cutter,  either  refer  to  the  tables  given  at  the  end  of 
Milling-Machine  Work,  Part  1,  or  use  the  following  rule: 

Rule. — Divide  12  times  the  cutting  speed  in  feet  per  minute 
by  the  circumference  of  the  cutter  in  inches. 

The  correct  number  of  revolutions  having  been  found, 
place  the  belt  on  the  step  that  will  give  the  nearest  number 
of  revolutions. 

Example. — ^With  the  belt  on  the  smallest  step  of  the  cone  pulley, 
the  spindle  makes  305  revolutions;  with  the  belt  on  the  second  step,  it 
makes  178  revolutions;  with  the  belt  on  the  third  step,  110  revolutions; 
and  with  the  belt  on  the  largest  step,  68  revolutions.  What  step  would 
be  selected  to  give  approximately  a  cutting  speed  of  80  feet  per  minute 
to  a  cutter  3i  inches  in  diameter  ? 

Solution. — The  circumference  of  the  cutter  is  3|  X  3.1416  =  10.9066^ 
say  11  inches.     Applying  the  rule,  we  get 

12  X  80      o„         ,  ^.  , 

— — —  =  87  revolutions,  nearly. 
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Using  the  largest  step,  the  cutting  speed  will  be  lower  than  desired ; 
using  the  third  step  it  will  be  higher.  Generally,  it  is  desirable  to  start 
in  with  the  lower  speed  and  watch  results;  hence,  most  operators  would 
place  the  belt  on  the  largest  step.     Ans. 

In  actual  practice,  an  experienced  operator  will  rarely 
stop  to  calculate  the  proper  number  of  revolutions;  his  past 
experience  will  tell  him,  as  soon  as  he  sees  the  material  and 
the  depth  of  cut  to  be  taken,  on  what  steps  to  place  the 
driving  belt  and  feed-belt.  A  careful  operator,  no  matter 
how  extensive  his  experience  has  been,  should  make  it  a  rule 
to  verify  the  accuracy  of  his  judgment  occasionally  by  cal- 
culation. 

43.  AdUusting  the  Feed. — The  arrangement  of  the 
feed  mechanism  differs  so  much  in  the  various  makes  of 
milling  machines  that  no  specific  rules  for  calculating  the 
feed  of  the  table  per  minute  can  be  given.  Nearly  all  mod- 
ern milling  machines  use  a  screw  for  feeding  the  table;  with 
all  such  machines,  the  feed  per  minute  may  be  readily  cal- 
culated by  the  following  general  rule: 

Rule. — Observe  the  number  of  revolutions  that  the  spindle 
must  make  to  produce  one  revolution  of  the  feed-screw^  and 
divide  by  it  t  lie  product  of  the  lead  of  the  feed-screw  and  the 
revolutions  of  the  spindle  per  minute. 

Example. — In  a  certain  make  of  machine,  the  spindle  must  make 
2  revolutions  to  produce  1  revolution  of  the  feed-screw.  The  lead  of 
the  feed-screw  being  i  inch,  what  is  the  feed  per  minute  at  82  revolu- 
tions of  the  spindle  ? 

Solution. — Applying  the  rule  just  given,  we  get 

i  X  82      .  .     ,  . 

=— J5 —  =  4  inches.     Ans. 

44«  Construction  of  Feed  Tables.  —  In  practice  it 
will,  as  a  general  rule,  be  found  that  the  countershaft  to 
which  the  machine  is  belted  runs  practically  at  a  constant 
speed,  so  that  the  number  of  revolutions  per  minute  of  the 
spindle  will  remain  constant  for  each  speed ;  that  is,  if  the 
spindle  makes,  say,  32  revolutions  with  the  belt  on  the 
largest  step,  it  can  safely  be  assumed  that  it  will  make  very 
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nearly  that  number  of  revolutions  whenever  the  belt  is 
placed  on  the  largest  step.  This  fact  makes  it  possible  to 
construct  an  exceedingly  convenient  table  of  feeds  per  min- 
ute at  the  different  speeds  with  all  the  different  changes  of 
feed  that  are  possible. 

In  the  first  place,  observe  how  many  revolutions  of  the 
spindle  will  be  required  for  1  revolution  of  the  feed-screw 
with  each  change  of  feed;  then  apply  the  rule  given  in 
Art.  43  to  each  speed  of  spindle  and  feed-change  combina- 
tion that  is  possible,  and  tabulate  the  result  for  future  ref- 
erence. 

45«  Sisns  of  Excessive  Speed  and  Feed.  —  After 
the  machine  is  started,  watch  the  cutter  to  see  that  the 
speed  is  suitable,  and  watch  the  driving  belt  and  feed  belt 
to  determine  an  excessive  feed.  Too  high  a  cutting  speed 
will  manifest  itself  by  a  rapid  dulling  of  the  cutting  edges 
and,  subsequently,  a  peculiar  squeaking  sound ;  an  excessive 
feed  results  in  a  slipping  of  the  driving  belt  or  the  feed  belt, 
or  both,  and  causes  a  shrill  squeak  to  emanate  from  the  belt. 
In  extreme  cases,  one  or  both  of  the  belts  may  run  off  the 
pulley. 


SETTING  THE  CUTTER. 

46.  Setting  for  Depth.  —  The  machine  can  be  ad- 
justed to  the  correct  depth  of  cut  in  two  ways,  which  are  by 
trial  and  by  measurement.  In  an  adjustment  by  trial,  the 
cutter  is  set  to  about  the  correct  depth  and  a  cut  is  taken. 
According  to  circumstances,  either  the  depth  of  the  cut  or 
the  machined  work  is  then  gauged  by  gauges  of  suitable 
form,  and  the  setting  and  taking  of  a  cut  is  repeated  until 
the  work  fits  the  gauge.  The  gauging  device  may  be  any 
suitable  measuring  instrument  or  a  special  gauge  made  for 
the  purpose;  duplicate  work  is  milled  almost  entirely  to  limit 
gauges.  When  the  work  has  rather  an  intricate  form,  set- 
ting the  machine  by  trial  is,  as  a  general  rule,  the  only 
method  that  can  be  employed,  although  in  isolated  cases  it 
may  be  possible  to  use  the  direct-measurement  method. 
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47.  When  about  to  set  a  cutter  for  depth  by  measure* 
ment,  the  machine  may  be  started  and  the  work  and  cutter 
carefully  brought  together  until  the  cutter  very  lightly 
touches  the  work.  Then,  by  observing  the  indication  of  the 
graduated  dials  reading  to  tbVit  inch,  with  which  the  feed- 
screws of  the  better  kind  of  milling  machines  are  supplied, 
and  which  transform  these  screws  into  micrometer  screws, 
the  work  and  cutter  are  brought  together  an  amount  equal 
to  the  depth  of  cut  required. 

The  reading  of  the  dial  is  taken  when  the  cutter  is  just 
touching  the  surface  of  the  work ;  the  required  depth  of  cut 
is  then  added  to,  or  subtracted  from,  this  reading  and  the 
machine  is  set  to  the  calculated  new  reading.  It  will  be 
understood  that  before  the  depth  of  cut  is  adjusted,  the  work 
is  run  clear  of  the  cutter. "  The  micrometer  graduations  are, 
also,  very  useful  for  adjustment  by  gauging,  since  they  allow 
the  depth  of  cut  to  be  increased  by  a  definite  amount.  For 
instance,  if  the  measurement  of  a  piece  of  work  shows  it  to 
be  -nnnr  ^^ch  too  thick,  the  graduations  allow  the  work  to  be 
raised,  or  the  cutter  to  be  lowered,  by  just  that  amount. 
Care  must  be  taken  to  see  that  all  the  lost  motion  in  the 
feed  mechanism  is  taken  up  before  bringing  the  work  in 
contact  with  the  cutter. 

48.  In  many  cases,  in  setting  the  machine  for  depth  of 
cut,  it  is  not  possible  to  measure  from  the  surface  to  be 
machined,  owing  to  its  being  rough  and  uneven.  In  most 
cases  there  is  some  finished  surface  parallel  to  the  proposed 
cut  in  contact  either  with  the  bottom  of  the  vise,  or  the 
surface  of  the  milling  machine,  or  of  an  angle  plate,  or  of 
some  special  fixture  from  which  measurements  can  be  taken 
to  the  cutter.  Then,  the  cutter  may  be  set  for  depth  by 
testing  with  a  scale,  or  with  a  surface  gauge,  or  a  height 
gauge,  or  some  similar  convenient  device,  measuring  from 
the  finished  surface. 

49.  Fig.  18  shows  how  a  surface  gauge  may  be  used  for 
testing  the  setting  of  the  cutter.  In  this  case,  a  face  cutter 
is  employed ;  the  problem  is  to  set  it  so  that  the  work  a, 
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when  finished,  will  be  a  certain  height.  The  pointer  p  of 
the  surface  gauge  may  be  set  by  the  aid  of  a  steel  rule  to  the 
given  height  above  the  surface  of  the  milling-machine  table, 
and  then  used  for  testing  the  height  of  the  cutter.  To  do 
this,  the  cutter  should  be  placed  in  such  a  position  that  a 


Fig.  18. 

line  drawn  through  one  of  its  cutting  edges  and  the  center 
of  the  cutter  is  at  right  angles  to  the  surface  of  the  table. 
Now  place  the  pointer  of  the  gauge  beneath  the  cutting 
edge  selected,  and  raise  the  table,  or  lower  the  cutter,  until 
the  cutting  edge  and  the  pointer  touch.  The  cutter  is  then 
set  correctly. 

50.  When  a  surface  gauge  is  not  available,  and  a  steel 
rule  cannot  be  used  bv  reason  of  the  interference  of  the 
arbor,  a  pair  of  inside  calipers  may  be  set  to  the  given  height 
and  used  for  testing.  Owing  to  the  difficulty  of  holding 
them  exactly  at  right  angles  to  the  surface  measured -from, 
calipering  cannot  be  recommended  as  a  particularly  accurate 
method  of  testing.     On  the  other  hand,  it  is  convenient. 

51.  The  special  surface  gauge  shown  in  Fig.  19  {a)  will 
be  found  of  advantage  for  machines  that  have  no  graduated 
dials,  and  when  a  cutter  is  to  be  set  for  a  given  depth  of  cut. 
The  surface  gauge  differs  from  the  ordinary  one  in  that  it 
carries  two  heads  and  pointers.  In  use,  the  pointer  /  is  set 
to  touch  the  surface  of   the  work;   the  pointer  q   is  now 
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adjusted  until  the  distance  between  it  and  the  pointer  /  is 
equal  to  the  required  depth  of  cut,  when/  is  swung  up  out 
of  the  way  and  q  is  used  for  testing  the  setting  of  the  cutter, 
as  shown  in  Fig.  19  (^). 
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Fig.  19. 


52.  A  careful  operator  will  always  gauge  the  setting  of 
the  cutter  as  soon  as  it  cuts  the  full  depth  for  which  it  is  set, 
in  order  to  make  sure  of  the  setting.  Whenever  this  is  done, 
it  is  advisable  to  stop  the  machine  to  prevent  any  accident 
during  gauging. 

53.  In  work  done  between  index  centers,  it  often  occurs 
that  the  bottom  of  the  cut  must  be  at  an  exact  distance  from 
the  axis  of  the  work.  In  this  case,  the  cutter  may  first  be 
set  to  touch  the  work,  and  then  set  to  a  depth  equal  to  the 
difference  between  the  radius  of  the  work  and  the  required  • 
distance  from  the  center. 

54.  In  some  instances,  a  little  calculation  will  be  required 
in  order  to  obtain  the  correct  distance  from  the  axis  from 
which  to  compute  the  correct  depth  of  cut.  For  instance, 
assume  that  a  gear  is  to  be  cut  with  a  cutter  that  requires 
to  be  sunk  in  to  a  depth  of  .27  inch  when  the  diameter  of 
the  gear  blank  is  exactly  5.25  inches.  On  measuring  the 
gear  blank,  it  is  found  to  be  only  5.23  inches;  it  is  required 
to  find  the  depth  to  which  the  cutter  is  to  be  set  in  order  to 
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preserve  the  correct  distance  of  the  bottom  of  the  cut  from 


the  axis.     The  correct  distance,   evidently,  is 


5.25 
2 


-  .27 


=  2.355  inches.     The   radius  of   the   actual  gear  blank  is 

5  23 

-^  =  2.615  inches.     Then,  the  depth  of  the  cut  for  which 

the  machine  is  to  be  set  is  2.615  —  2.355  =  .26  inch. 

55.  Setting  the  Cutter  Side^vlse.  —  In  setting  a 
cutter  sidewise,  several  cases  occur  in  practice,  the  most 
common  of  which  are:  the  cutter  is  wider  than  the  work, 
and  the  cut  is  to  be  taken  over  the  whole  surface;  the  cut- 
ting is  to  be  done  to  a  shoulder  in  a  plane  at  right  angles 
to  the  axis  of  rotation  of  the  cutter;  and  the  cutter  is  to  be 
set  centrally  to  a  vertical  or  horizontal  plane  passing  through 
the  index  centers  or  index-head  spindle. 

Considering  the  first  case  mentioned,  the  cutter  can  in 
nearly  all  cases  be  set  sidewise  by  eye  alone,  and,  hence, 
no  special  directions  are  required.  •  Taking  up  the  second 

case,  the  cutter  may  be 
set    correctly    by    trial 
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^  (this  chiefly  occurs  in 
■•  duplicate  work  of  intri- 
cate shape)  or  by  meas- 
urement. As  a  general 
rule,  the  distance  of  the 
shoulder  from  some 
edge  of  the  work  is 
^  either  accurately  or  approximately  known,  and  the  cutter 
can  be  quite  accurately  set  by  measurement,  gauging  after 
the  cut  has  been  taken.  In  setting  by  measurement,  a  steel 
rule  may  be  applied  as  shown  in  Fig.  20,  where  the  dotted 
lines  show  the  depth  and  location  of  the  cut  to  be  taken 
over  the  work  a, 

56.     Setting  the  Cutter  Central  and  Off  Center. 

A  cutter  may  be  set  central,  in  respect  to  work  held  between 
centers,  in  several  ways.  A  very  simple  way  often  used  in 
horizontal  machines  is  shown  in  Fig.  21;  the  accuracy  of 


§16 


MILLING-MACHINE  WORK. 


71 


the  setting  attainable  by  this  method  depends,  primarily,  on 
the  vertical  line  of  motion  of  the  work  or  cutter  being 
exactly  at  right  angles  to  the  surface  of  the  milling-machine 
table. 

The  work  is  placed  between  the  centers  or  in  the  chuck, 
and  a  try  square  c  is  then  set  on  the  table  with  its  blade  in 
contact  with  the  work.  lathe  case  of  a  symmetrical  cut-, 
ter,  as  a  gear  cutter  or  double-angle  cutter  with  equal 
angles,  the  distance  a  is  then  measured.  The  try  square  is 
next  placed  on  the 
other  side  of  the  work, 
into  the  position 
shown  in  dotted  lines, 
and  the  distance  a!  is 
measured.  The  differ- 
ence in  the  measure- 
ments a  and  a'  shows 
which  way  the  cutter 
or  work  is  to  be 
moved ;  the  amount 
that  it  is  to  be  moved 
equal    to    half    the 


IS 


difference.  In  the 
case  of  cutters  that 
are   not  symmetrical, 


Fig.  21. 

there  is  always  some  well-defined  edge  that  is  to  be  set 
central;  in  such  a  case,  the  measurement  b  is  taken  and 
compared  with  b\  If  the  table  is  arranged  to  swivel,  it 
should  be  set  to  zero  before  setting  the  cutter. 

57.  Double-angle  cutters  with  unequal  angles  often 
require  to  be  set  a  given  amount  off  center.  To  do  this, 
set  the  cutter  central  and  then  move  the  work  or  the  cut- 
ter sidewise  by  the  amount  required,  using  either  a  steel 
rule  and  measuring  from  the  blade  of  a  try  square  or  the 
graduated  feed-screw  dial,  if  one  is  available. 

58.  A  rough-and-ready  way  of  testing  the  central  set- 
ting of  a  cutter  in  a  horizontal  machine  is  to  test  by  means 
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of  one  of  the  index  centers.  The  table  having  been  set  to 
zero,  i.  e.,  so  that  the  line  of  motion  is  at  right  angles 
to  the  axis  of  rotation  of  the  cutter,  the  knee  is  raised  until 
the  center  used  for  testing  is  about  on  the  same  level  as  the 
cutter.  The  milling-machine  table  is  now  shifted  until  the 
part  of  the  cutter  that  is  required  to  be  central  is  in  the  ver- 
tical plane  of  the  index  centers,  as  near  as  can  be  judged  by 
eye.  While  this  method  of  setting  is  not  the  most  accurate 
one  that  can  be  devised,  it  will  be  sufficiently  accurate  for 
the  greater  part  of  the  work  that  is  to  be- done. 

59.  Another  fairly  accurate  way  of  testing  the  setting 
is  shown  in  Fig.  22,  which  is  a  top  view.  The  work  a  is 
placed  between  the  centers  and  the  cutter  and  work  are 
brought  together  until  they  touch  slightly.      The  cutter, 

while  revolving,  is  then 
/  \  fed  across  the  work,  or 

vice  versa,  in  the  direc- 
tion of  the  axis  of  the 
cutter,  thus  cutting  out 
a  small  elliptical  spot  b. 
The  cutter  is  now  set 
central  with  this  spot  by 
eye.  If  the  work  runs 
very  true,  this  method 
is  as  accurate  as  the  one 
previously  described. 

• 

60.  One  of  the  most 
accurate  methods  of 
testing  the  central  set- 
ting of  a  cutter  for  work 
held  in  the  chuck,  and, 
also,  for  work  held  be- 
tween centers  that  are 
properly  in  line,  is  shown  in  Fig.  23.  Any  suitable  piece  of 
metal  is  held  in  the  chuck  and  a  cut  taken  across  the  face 
of  it,  as  the  cut  a^  Fig.  23.  The  testing  piece  is  then 
revolved  exactly  one-half  a  revolution  and  another  cut  taken 


Fig.  22. 


§16 


MILLING-MACHINE  WORK. 


73 


without  having  disturbed  the  setting  of  the  cutter.  Then 
if  the  last  cut  does  not  exactly  coincide  with  the  first,  it 
shows  thf*  cutter  to  be  off  center;  in  extreme  cases,  two 
distinct  grooves,  as  a  and  a\  may  be  cut. 

61.  When  an  end  mill  is  to  be  set  central  to  work  held 
between  centers,  either  in  a  horizontal  or  a  vertical  machine, 
the  problem,  in  reality,  is  to  make  the  axes  of  rotation  of 
the  work  and  cutter  intersect.  The  machine  may  be  set 
correctly  by  placing  a  true-running  milling-machine  arbor ^z 
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in  contact  either  with  the  work  /?  or  with  a  true-running 
mandrel  placed  between  the  centers,  as  shown  in  Fig.  24, 
using  a  piece  of  thin  tissue  paper  as  a  feeling  piece.  Re- 
move the  arbor  and  then  shift  the  table  or  the  spindle  an 
amount  equal  to  the  sum  of  the  radii  of  the  work,  or  man- 
drel, and  the  arbor. 

If  this  method  of  setting  is  used  irf  a  horizontal  machine, 
the  centers  must  be  parallel  to  the  line  of  motion  in  a  hori- 
zontal plane.  For  a  vertical  machine,  the  centers  must  be 
in  a  vertical  plane  parallel  to  the  line  of  motion.  When  the 
work  is  conical,  it  is  recommended  to  substitute  a  cylindri- 
cal mandrel  for  it  when  setting  the  machine. 

62.  In  vertical  machines,  the  central  setting  of  an  end 
mill  may  also  be  tested  by  placing  a  try  square  on  the 
table  with  its  blade  against  the  work,  using  it  to  measure 
from  to  the  cutter  and  then  placing  it  on  the  opposite  side 
of  the  work  and  repeating  the  measurement. 

63.  In  a  vertical  machine,  any  cutter  placed  on  an 
arbor  when  applied  to  work  held  between  the  centers,  is,  as 
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a  general  rule,  applied  on  the  side.  The  central  setting  of 
such  a  cutter  may  be  tested  by  taking  cuts  across  the  face 
of  a  piece  held  in  the  chuck,  as  was  explained  in  conjunc- 
tion with  Fig.  23,  Art.  60.  Another  method  is  to  line  the 
cutter  by  one  of  the  centers,  just  as  is  done  in  a  horizontal 
milling  machine.  A  third  and  very  convenient  method  is 
to  measure  the  height  of  the  index  centers  above  the 
milling-machine  table  while  they  are  in  a  horizontal  plane 
parallel  to  the  line  of  motion.  A  graduated  square,  or  a  try 
square  with  a  steel  rule  held  against  it,  may  then  be  applied 
directly  to  the  cutter. 

64.  AdUustinff  Straddle   Mills  for  Widtli.  — The 

distance  between  the  sides  of  a  pair  of  straddle  mills  is 
adjusted  by  means  of  washers.  Where  rather  delicate  ad- 
justment for  width  is  required,  paper  washers  of  different 
thickness  may  be  used  to  good  advantage.  Good  thick- 
nesses to  have  handy  are  .001  inch  (very  thin  tissue  paper); 
.002  inch  (fine  writing  paper);  .004  inch  (heavy  writing 
paper);  and  .008  inch  (medium  heavy  manila  wrapping 
paper).  In  addition,  sheet-brass  or  sheet-steel  washers  .016 
inch  and  .032  inch  thick  will  be  found  convenient.  In 
some  shops,  sheet-steel  washers  are  used  exclusively;  thin 
sheet  steel  rolled  very  exactly  to  size  may  now  be  obtained 
in  thicknesses  from  .002  inch  up.  The  final  adjustment  for 
width  of  cut  for  straddle  mills  must  be  made  by  trial  when- 
ever the  limit  of  variation  is  very  small;  that  is,  after  setting 
the  cutters  as  accurately  as  possible,  a  cut  is  taken  and  the 
width  measured.  The  distance  between  the  cutters  is  then 
adjusted  in  the  direction  indicated  by  the  measurement. 

65.  Arranging  Ganff  Mills. — In  assembling  a  gang 
of  mills  on  an  arbor,  it  is  advisable  to  place  them  in  such 
relation  to  one  another  that  adjacent  cutting  edges  will  not 
lie  in  the  same  plane.  If  so  placed,  the  width  of  the  cut 
will  not  be  excessive,  and  the  effect  will  be  almost  the  same 
as  that  of  a  cutter  with  helical  cutting  edges;  that  is,  the 
intensity  of  the  shock  due  to  a  cutting  edge  engaging  the 
work  is  greatly  reduced. 
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ADJUSTING  THB  AUTOMATIC  FEBD. 

66.  On  all  modern  machines  that  are  provided  with  an  * 
automatic  feed,  a  tappet  is  fitted  that  may  be  adjusted  to 
trip  (stop)  the  feed  at  any  place  within  the  range  of  motion 
of  the  table.  The  easiest  way  of  finding  the  correct  posi- 
tion of  the  tappet  is  to  run  the  table  into  a  position  where 
the  cutter  just  clears  the  work.  The  machine  standing 
still,  the  feed  is  tripped  by  hand  by  pushing  over  the  part 
engaged  by  the  tappet ;  the  latter  is  then  brought  against 
the  part  mentioned  and  locked  to  the  table. 


SPECIAL  USES  OF  THE  MILLING  MACHINE. 

67.  Special  Operations. — In  addition  to  its  legiti- 
mate function,  many  designs  of  milling  machines  may  be 
used  occasionally  for  other  work,  such  as  drilling,  boring, 
turning,  and  graduating.  In  some  cases,  the  milling  ma- 
chine may  be  used  to  advantage  for  these  special  operations; 
as  a  general  rule,  however,  it  will  be  more  economical  to  use 
a  machine  primarily  built  for  the  purpose.  Thus,  while  it 
is  possible  to  do  quite  a  variety  of  turning  in  some  milling 
machines,  even  at  the  best  such  a  machine  will  only  be  a 
makeshift  for  a  lathe. 

68.  Drilling:. — The  kind  of  drilling  for  which  a  milling 
machine  can  be  used  to  advantage  is  index  drilling;  that  is, 
the  drilling  of  holes  properly  spaced  by  the  aid  of  the  index 
head.  The  work  is  then  mounted  on  the  face  plate,  or  held 
in  the  chuck,  or  attached  in  some  other  suitable  manner  to 
the  .index  head,  which  is  placed  so  that  the  axis  of  its 
spindle  is  in  the  same  plane  as  the  milling-machine  spindle. 
The  drill  used  is  held  in  a  chuck  attached  to  the  milling- 
machine  spindle;  it  should  project  as  little  from  the  chuck 
as  circumstances  permit.  In  some  cases,  it  is  possible  to 
utilize  the  outboard  bearing  for  steadying  a  long  drill  by 
placing  a  steadying  bushing  that  closely  fits  the  drill  into 
the  bearing  and  adjusting  the  latter  so  that  it  will  be  close  to 
the  work. 
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69.  When  accurate  spacing  is  required,  the  drill  should 
be  followed  by  a  reamer  made  in  the  general  form  of  a 
chucking  reamer,  but  with  about  twice  the  clearance  in 
order  to  prevent  it,  as  much  as  possible,  from  following  a 
hole  that  has  been  drilled  out  of  line. 

70.  The  feeding,  in  drilling,  is  done  by  moving  the 
table,  and,  hence,  the  attached  work  toward  the  drill. 
When  all  the  holes  are  to  be  drilled  to  the  same  depth,  the 
stop  may  be  used,  if  one  is  provided ;  otherwise,  the  grad- 
uated dial  may  be  employed  to  indicate  when  the  correct 
depth  has  been  reached. 

71.  In  making  drill  jigs,  the  milling  machine  may 
occasionally  be  used  to  advantage  for  spacing  the  holes  cor- 
rectly, using  the  graduated  dials  to  indicate  the  spacing. 
The  accuracy  within  which  the  holes  will  then  be  located  will 
depend  primarily  on  the  accuracy  of  lead  of  the  different  feed- 
screws, and,  also,  on  the  skill  used  in  reaming  or  boring  the 
holes. 

72.  Boring. — A  cored  or  drilled  hole  may  be  finished 
by  boring  with  a  regular  bodng  bar  and  cutter,  using  the 
outboard  bearing  for  supporting  the  bar,  in  case  it  is  rather 
long.  The  methods  of  holding  the  work  and  lining  it  up, 
and,  also,  of  taking  the  cut,  are  exactly  the  same  as  are 
used  in  a  regular  boring  machine,  except  that,  as  a  general 
rule,  the  feeding  will  have  to  be  done  by  hand,  since  very 
few  milling  machines  have  an  automatic  feed  in  the  direc- 
tion of  the  spindle. 

In  machines  in  which  the  table  can  be  swiveled  so  that  its 
line  of  motion  will  be  in  the  same  plane  as  the  axis  of  the 
milling-machine  spindle,  quite  a  long  hole  can  be  finished  by 
boring,  and,  in  that  case,  the  regular  automatic  feed  can 
generally  be  used. 

73.  Turning. — Once  in  a  while,  a  job  will  turn  up 
that  makes  it  desirable  to  turn  some  part  of  it  in  the  milling 
machine.     In  that  case,  the  turning  tool  is  held  in  the  vise 
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and  the  work  is  attached  to  the  milling-machine  spindle; 
the  machine  is  then  used  as  if  it  were  a  lathe. 

74.  Graduating. — A  universal  milling  machine  having 
graduated  dials  reading  to  Yo\(r  ^^^^  ^^^  ^^  used  for  a  good 
many  jobs  of  graduating,  either  on  straight  or  curved 
surfaces. 

For  graduating  straight  surfaces,  as  rules,  for  instance, 
the  divisions  are  obtained  by  means  of  the  feed-screws,  and 
the  length  of  the  graduation  lines  by  means  of  one  of  the 
other  feed-screws  at  right  angles  to  the  first.  A  good  way 
of  procedure  is  to  cut  all  the  longest  graduation  lines  first, 
using  a  stop  to  insure  that  all  are  of  the  same  length ;  then 
cut  the  next  shorter  lines,  and  so  on. 

75.  There  are  two  general  methods  of  marking  gradua- 
tion lines  on  work,  which  are  the  cutting  method  and  the 
squeezing  method.  For  cutting  coarse  graduations,  a 
double-angle  cutter  may  be  employed;  for  fine  graduation 
lines  a  single-pointed  tool  is  clamped  to  the  spindle  and  used 
as  a  planer  tool,  traversing  the  work  beneath  it.  The  spin- 
dle, in  that  case,  is  prevented  from  turning  by  blocking  it 
in  any  suitable  manner.  The  objection  to  cutting  gradua- 
tion lines  by  planing  is  that  the  cut  is  comparatively  rough 
on  account  of  the  rapid  dulling  of  the  tool  that  is  induced 
by  the  dragging  of  the  cutting  point  during  what  may  be 
called  the  return  stroke.  This  dragging  can  be  overcome 
by  placing  the  tool  into  a  clapper  as  used  on  a  planer;  this 
allows  the  tool  point  to  swing  away  from  the  work,  thus 
preserving  the  point  longer. 

In  regular  dividing  engines,  a  diamond  is  generally  used 
for  cutting  graduation  lines;  in  that  case,  there  will  be  no 
perceptible  wear  of  the  tool  point  with  any  reasonable  use. 
and  very  fine  graduation  lines  can  be  cut. 

76.  For  the  ordinary  graduating  work  that  a  machinist 
is  likely  to  be  called  upon  to  do,  it  is  believed  that  the  most 
satisfactory  results  can  be  obtained  by  the  squeezing  method. 
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Fig.  25. 


Fig.  25  shows  a  good  form  of  tool  for  this  purpose.  It  con- 
sists of  a  holder  a  bored  to  fit  the  arbor  of  the  milling- 
machine  spindle.  The  sides  of 
the  holder  are  faced  parallel  with 
each  other  and  square  with  the 
hole ;  the  end  is  forked  and  car- 
ries the  sharp-edged  hardened 
marking  wheel  d,  which  is  free 
to  turn  on  a  pin,  but  is  confined 
sidewise  by  the  forks  of  the 
holder.  The  marking  wheel 
should  be  ground  perfectly  true 
after  hardening;  the  angle  in- 
cluded between  the  two  faces 
may  vary  from  60°  to  90°.  With 
the  smaller  angle,  finer  graduation,  lines  can  be  obtained; 
a  wheel  with  the  larger  angle  will  last  longer,  however. 

77.  In  use,  the  holder  is  clamped  to  the  arbor  as  if  it 
were  a  cutter  and  the  spindle  is  then  blocked.  The  work 
having  been  adjusted  so  that  the  surface  to  be  graduated  is 
slightly  above  the  edge  of  the  wheel,  it  is  traversed  beneath 
the  latter,  which  rolls  or 
squeezes  in  a  graduation  line 
that  has  slightly  raised  edges, 
which  may  be  removed  after- 
wards by  grinding  or  filing. 
Fig.  26  is  a  greatly  enlarged  cross-section  of  a  graduation 
line  formed  by  squeezing,  and  shows  the  raising  up  of  the 
edges..  It  may  be  said  in  favor  of  this  method  of  g'raduating 
that  the  lines  will  be  smooth,  and  that  a  tool  will  last  a  very 
long  time  with  reasonable  use. 

78.  The  index  head  affords  a  ready  means  of  dividing  cir- 
cular dials  of  various  kinds  into  even  divisions.  The  stop  to 
the  table,  if  one  is  fitted,  may  be  used  for  regulating  the  length 
of  the  graduation  lines;  when  no  stop  is  available,  the  read- 
ing of  the  dial  on  the  feed-screw  will  indicate  where  to  stop 
feeding  in  order  to  make  all  lines  of  each  set  equal  in  length. 
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COMPARISON  OF  MILLING  MACHINES. 

79.  The  universal  milling  machine  is  essentially  a  tool- 
room machine  by  reason  of  the  large  variety  of  work  that 
may  be  done  on  it  with  the  aid  of  the  attachments  provided 
for  the  purpose.  While  manufacturing,  i.  e.,  milling  dupli- 
cate work  in  large  quantities,  can  be  done  in  a  universal 
machine,  a  heavy,  plain,  horizontal  machine  is  generally  pref- 
erable for  this  work  by  reason  of  its  lower  cost  and  greater 
rigidity.  It  is  not  to  be  inferred  from  this  statement  that 
a  universal  machine  is  not  or  cannot  be  made  rigid;  the 
fact  of  the  matter  is  that  the  universal  machine,  not  being 
intended  for  the  heavier  class  of  milling,  is  not  given  the 
same  amount  and  distribution  of  metal  that  is  put  into  a 
machine  especially  built  for  heavy  plain  milling. 

80.  The  vertical  type  of  machine  is  to  be  selected  for 
work  that  is  to  be  largely  done  by  end  mills  or  side  mills; 
the  cut  being  in  plain  sight  of  the  operator  is  probably  the 
most  valuable  feature  of  the  vertical  machine. 

81.  The  Lincoln  type  of  machine  was  developed  in 
armories,  and  is  especially  adapted  for  milling  large  quanti- 
ties of  relatively  small  duplicate  work  requiring  compara- 
tively short  cuts. 

82.  The  rotary  planer  is  well  adapted  for  long  work 
that  requires  the  ends  to  be  squared  up,  and  is  much  used 
for  milling  the  ends  of  cast-iron  columns  and  of  the  different 
rolled  sections  used  in  bridge  work  and  structural  ironwork. 
It  is  also  much  used  for  surfacing  plane  surfaces  on  heavy 
work;  for  instance,  facing  up  the  segments  of  built-up  fly- 
wheels. Its  primary  function  is  the  production  of  plane 
surfaces  at  right  angles  to  the  surface  of  the  table,  and  it 
cannot  be  claimed  to  be  adapted  for  any  other  work. 

83.  The  planer  type  of  milling  machine  is  intended  for 
long  and  heavy  cuts  with  face  mills,  such  as  the  milling  of 
connecting-rods  and  side  rods  for  locomotives,  the  milling 
of  rather  wide  plane  surfaces,  beds  for  machine  tools,  and 
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similar  work.  When  supplied  with  index  centers,  a  great 
deal  of  the  work  done  in  any  other  horizontal  machine  can 
be  done  in  it,  such  as  the  cutting  of  gears  of  various  kinds, 
fluting  reamers,  etc. 

84.  Multispindle  machines  are  best  adapted  for  work 
having  a  number  of  surfaces  so  situated  in  respect  to  one 
another  that  several  of  them  can  be  operated  on  simulta- 
neously. They  are  used  considerably  for  heavy  work,  and 
then  take  the  place  of  a  planer  with  a  number  of  heads;  in 
fact,  they  are  intended  for  the  same  class  of  work. 
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Diamond-pointed  tool,  Precau- 
tions in  setting 8 

"         pointed  tool.  Rough- 
ing cuts  with 8 

**         pointed   tool,    Set- 
ting.   8 

Die  holders  for  screw  machines  7 

Dies,  Automatic 7 

**     for  bolt  cutters.  Auto- 
matic  ;.  4 

**     for  screw  machines 7 

**     Hand 4 

**     Planing  of  chilled-iron. . .  7 

"     Spring 7 

Differential  indexing 16 

*'  indexing,    Tables 

for 16 

Direct  indexing 15 

Dividers,  Locating  centers  by  8 
Divisions   obtainable  with 

planer  centers 8 

Dog,  Action  of  bent-tailed,  in 

springing  work 6 

'*     Advantage    of  straight- 
tailed... 6 

*      Milling-machine 14 

Dogs,  Equalizing 6 

**      Toe 8 

Double  thread 4 

'*       thread.  Cutting 6 

Dovetails,  Planing 9 

Down  cuts  on  planer 9 

Draw-cut,  Advantages  of  a. . . .  9 

"     cut  shaper 9 

Drawing  chisel 18 

Drill,  Advantage  of  thin  point  10 
"     Angle    and     length     of 

scraping  edge  of 18 

**     as  a  countersink 10 

**     Cannon 4 

**     chuck.  Heavy 10 

**     chuck,  Light 10 

**     collets 10 

*'     Development     of,    from 

lathe  10 

^'     Development  of  modern  10 

*'     Early  forms  of 10 

"     Flat 10 

**     Plat,  with  parallel  sides  10 

"     grinding 18 

"     Grooved  point  for 10 

'*     Measuring   cutting    and 
clearance   angles  of 

twist 12 

"  point.  Form  of 12 

*'  Post 11 
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Drill,  PrehUtoHc 10 

**     press.  Adjusting  work  on  13 

'*     press.  Driving  gear  for. .  11 

•*     press.  Feed  for 11 

**     press.  Feed  -  mechanism 

for 11 

"     press,  Heavy  type  of 11 

**     press.  Medium  type  of...  11 
**     press.  Securing  work  on 

tableof 10 

"     press.  Table  for 11 

**     press  table.    Rectilinear 

adjustment  of 11 

**     press  vise 10 

**     Radial,     with     outer 

column 11 

"     shank 10 

"     shanks 10 

**     shanks,  Straight 10 

"     socket.  Key -1^ rip  10 

"     socket,  Pin-grip 10 

**     socket,  with  setscrew. ...  10 

*^     sockets...   10 

*'     spindle.  Movable 11 

••     Spiral 10 

••     Starting  a W 

"     Starting  a  twist 4 

**     Symmetrical     cutting 

edge  for '..  10 

*'     Trepanning 12 

**     Twist,  grinding  machine  12 

**"     Universal  radial 11 

•♦     with  double  scraping 

edge 10 

**•     with  single  cutting  edge  10 
Drilled  hole,  Causes  of  irregu- 
larity in 10 

Drilling,  Advantages  of  power 

feeds  for 12 

"        and    boring.  Distinc- 
tion between 11 

'*       and  boring  locomotive 

connecti  ng-rods 12 

^*        and  boring  machine, 

Horizontal 11 

*^        and  boring  machines. 

Horizontal 11 

**        and  reaming  centers..  8 

"         in  a  screw  machine...  7 
•*        and    ta I  ping    device, 

Safety 10 

*•        Center 10 

^        deep  holes 12 

"        Double  face  plate  for 
supporting     work 

during 12 
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Drilling  duplicate  piecea 12 

**        fixtures 10 

**        Heavy    centers    for 
supporting     work 

during 12 

**        in  a  milling  machine  46 

**        jig,  Construction  of...  12 
"        Jig  for  flanges,  with 
irregularly    spaced 

holes 12 

**        jig  for  flanges,  with 
regularly    spaced 

holes 12 

"        jigs 10 

jigs 12 

"        jigs  for  irregular  snr- 

faces 12 

"        Laying  out  work  for  12 

Lead  holes  for 12 

**        machine.   Adjustable 

table  for 11 

"        machine.    Horizontal 

flange 11 

*'        machine.  Multiple- 
spindle 11 

**        machine.  Simple 11 

**        machine,  Vertical- 
flange 11 

**        machines,     Essential 

parts  of   10 

**        machines.      Principal 

functions  of 10 

**        operations 12 

**        parts  together 10 

**        Roller    supports    for 

work  during 12 

**        solid  material 4 

•*        tools 10 

•'        tools.      Devices     for 

holding 10 

•*        Trunnion  supports  for 

work  during 12 

"        Variable  cuttingspeed 

for  11 

"        Variable  feed  for 11 

"        vise,  Universal 10 
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•'       Center 10 
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Drills,  Electric 11 

Flat 10 

Flat r 4 

**       Flexible  shaft 11 

'*■       for  pipe  taps 12 

^weyway , 10 

*•       Lipped 10 

**       Lrubricalion  of 10 

**       Machine  shop 10 

•*       Pneumatic   11 

"       Portable 11 

••       Provision  for  supply- 

ingf  lubricants  to 10 

"       Radial 11 

**       Recent  tests  of  twist  ...  IS 
*^       Result    of    improperly 
formed,  on  size  of 

hole 10 

"       Sensitive 11 

"       Slot 10 

''       Speed  and  feed  of 18 

''       Strais^ht-fluted 10 

Tap 18 

"       Taper-shank 10 

"       Taper-shank  for 10 

"       Teat 10 

"       Turned 4 

"       Twist 10 

*•       Twisted  flat 10 

Driving^  fits 6 

Drunken  thread 6 

B  Sec. 

Electric  drills 11 

Ellipses,  Turning 6 

Emery,  Use  of,  for  polishing. .  7 

End  mill.  Undercutting  of 16 

"    mills.  Slotting  with 16 

"    milling  cutters 18 

Engine  cylinders.  Boring 4 

"       lathe  ...: 8 

"       lathe.   Turret   applied 

to 7 

Equalizing  dogs 6 

Erecting  a  planer 9 

Error  in  pitch  of  thread 5 

**      in  planer  cross- rail 9 

Errors  in  lathe  work 6 

*^       in  milling 14 

**       in  screw  cutting 6 

"       in  taper  thread 6 

"       in  the  lathe 6 

**       in  the  planer  platen....  9 

Expanding  arbors 15 

*'          mandrels 6 

Expansion  reamer 10 
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Extension  boring  mill 11  86 

External  thread 4  41 
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Pace  cams 16  46 

"    plate.  Chucking  on  the...     4  8 

**     plate,  Clamping  work  to     4  10 
"    plate«   Double,   for   sup- 
porting   work    while 

drilling 12  83 

**    plate.  Holding  work  on, 

while  milling 15  18 

**     plate.  Lining  of,  on  mill- 
ing machine 15  18 

"    plate.  Preventing  slipping 

of  work  on 4  11 

"    plate,  Use  of  paper  on....      4  11 
*^    plates.  Adjustable  jaws 

for 4  8 

Pacing 10  6 

"       18  7 

'*       arms 4  88 

**       before  boring 4  89 

"       Cutting  speed  for  ra- 
dial       4  28 

*       head  for  boring  bar  ...    11  88 

**       plates  for  milling  work   18  87 

"       Precautions  in  radial..      4  27 

"       Radial 4  86 

"       Radial, Tools  used  in..      4  27 

'»       Spot 10  6 

"       Spot 10  88 

"       spot.  Lower  side  of  a 

flange 10  84 

False  jaw  for  planer  chuck. ...      8  9 
Fastening    work    to    planer 

platen 8  7 

Feed,  Adj usting  automatic, 

in  milling 16  75 

"     Adjustment  of,  in  mill- 
ing      16  65 

"     Arrangement  of,  on  bor- 
ing mill 11  85 

*•*•     Control  of,  on  boring  mi  11    11  25 

"     Cutting 6  10 

**     Direction  of,  in  milling..    16  50 
**     Direction  of,  in  milling 
work  with  hard  sur- 
faces     16  51 

"     for  drill  press 11  4 

"     for  drill  press.  Power....    11  5 

*'*'     for  drilling.  Variable....    11  8 

»'     for  radial  drills 11  8 

"     Hand  lever  for  drill-press   11  6 
"     Influence  of  slipping  of 

work  on  direction  of . . .    16  64 
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Peed, Influence  of  spring  of 
work  on  direction  of.. . 
mechanism    for    drill 

press  

mechanism  for  lathe.... 

motion.  Action  of 9 

motion,  Details  of  planer     9 

of  drills 12 

motion  for  lathe,  Re- 
versing the 8 

Relation  of  material 

being  cut  to 6 

Rule  for  direction  of 16 

screw  supports  .for  lathe     8 
Signs  o  f   excessive,   i  n 

milling 16 

"     tables.  Construction  of..    16 
Feeding    milling   cutters  into 

corners 

Feeds,  Advantage  of  coarse.. 
'*       Bickford  experimen- 
tal   

for  chilled  iron 7 

for  drilling.    Advan- 
tages of  power 12 

for  drilling,  Power 11 

for  milling IS 

for  planer  cuts 9 

Female  thread 4 

Filecard 7 

Files  for  lathe  work 7 

"     Pinning  of 7 

**     Prevention  of  pinning 

of 7 

Filing  in  a  lathe 7 

*'      Speed  of  work  during..      7 

Finger  clamps —      8 

Finishing,  Advantage  of  broad- 

nosed  tool  for 5 

box  tool 7 

cuts 6 

cuts 6 

cuts  in  boring 4 

cuts.  Feeds  for,  on 

planer 9 

"  tool.  Special   forms 

of 9 

Fitting  a  taper 8 

**       a  V  thread 4 

"       cylindrical  work 6 

Fits,  Driving    6 

"     Forced 6 

**     Shrink     6 

"     Sliding 8 

Fixture    for    boring    duplex- 
pump  cylinders 18 
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Fixtures,  Drilling 10 

**        for   supporting  and 
rotating    work 

while  drilling 18 

Flange  drilling  machine,  Hori- 

sontal 11 

drilling  machine.  Verti- 
cal   11 

spot.  Facing  lower  side 

of 10 

Flanges,  Drilling  Jigs  for 12 

Plat  drill 10 

drill  holder 4 
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drills 

drills.  Twisted 

reamers 

reamers  , 

reamers , 

turret  lathe 

Flexible  shaft  drills 11 

Fluted  reamers 10 

"       reamers 4 

Ply  cutter 18 

Flywheels,  Shaper  for  fitting 

joints  of 9 

Follower  rests 7 

Foot-plate  for  radial  drill 11 

Forced  fits 6 

Forged     finishing    tool     for 

planer 9 

**       roughing    tools    for 

planer 9 

threading  tools 5 

turning  tools 5 

Forked  center 7 

Form  milling 18 

**     milling  cutters 18 

Formed  gang  cutters   18 

milling  cutters 18 

Forming  blades,  Special 7 

heads.    Special,    for 

screw  machine 77 

tools 5 

tools.   Circular,    for 

screw  machine 7 

**         tools.    Straight-face, 

for  screw  machine  7 

**         tools,  Vertical  slide. .  7 

Fractional  indexing 16 

**  indexing.   Tables 

for 16 

Franklin  Institute  standard 

thread     4 

Front  tool 8 

Functions,  Natural 16 
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Oanff  cntters.  Formed 18 

"     mills 18 

**     mills,  Arraoging:  of 10 

**     planer  tools 0 

Cap  lathes  7 

Gauge, Stop,  for  screw  machine  7 
"       surface,  Centering  by..  8 
*•       surface,  Use  of,  in  plan- 
ing   8 

"       Testing  inside  threads 

with 5 

*•       Thread 4 

U.  S.    standard   thread  6 

Gauges  for  setting  planer  tools  0 

*■        Use  of,  for  bored  holes  4 

Gear  cutting  on  the  slotter ....  9 

"     tooth  cutter 18 

Geared  shaper 9 

Gearing,    Calculating     com- 
pound for  screw 

cutting 4 

**           Compound,  for  cut- 
ting spirals 16 

**  Double  and  triple 

back  for  lathe 8 

"  Simple,  for  thread 

cutting 4 

*•  Single,  for  cutting 

spirals  16 

Gears,  Back,  for  lathe 8 

"       Calculating  change,  for 

screw  cutter  . » 4 

*"  Change  for  simple- 
geared  lathe,  Select- 
ing   4 

**       Change,  Function  of....  4 

Gib  milling  jig 16 

Gluing,  Clamping  work  by....  8 

Goose-necked  tool 5 

Graduations,  Planer-he&d 9 

Graduating  in  a  milling  ma- 
chine   16 

Graver,  Diamond-pointed 5 

**        Round-nosed 5 

Gravers 6 

Grinders,  Tool 6 

Grinding  a  diamond  -  pointed 

tool 8 

*'  a  threading  tool  for 

V  thread 4 

"          chilled  rolls. 7 

*'  chilled    rolls.    Ma- 

chine  for 7 

**  diamond-pointed  in- 

serted-blade  tools  6 

••          drills 12 
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Grinding  lathe  centers 6 

*^  machine,  J.  Morton 

Poole 7 

**  the  side  tool 8 

**  turning    tools   for 

chilled  iron 7 

**  twist  drill,  Precau- 

tions  in 10 

**  twist  drills 12 

"  wheels   for  chilled 

rolls 7 

Grooved  cam 16 

"        face  cam 16 

**        side  cam 16 

Grooves,  helical,  with  inclined 

sides.  Cutters  for. .    16 
**         helical,  with  one  side 

radial.  Cutters  for    16 
"         Production  of  spiral, 

in  chilled  rolls 7 

*^         spiral.    Direction    of 
rotation  of  work 

while  cutting 16 

**         with    parallel    sides, 

helical.  Cutters  for    16 

Grooving 18 

"        tools    for    chilled 

rolls 7 

**        work  held  in  chuck  . .    16 

Gnns,  Building  up  large  6 

"      Use  of  steady  rest  in 

turning  and  boring ...     7 
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Hand  dies 4 

"      lathes 7 

"      tapping 4 

"      taps  4 

"      tools 6 

Head,  Boring 11 

•'      Boring,  bar  with  travel- 
ing   11 

"      Pacing,  for  boring  bar..  11 
"      Setting  of  planer,  at  an 

angle  0 

Heads,  Planer    8 

"       Planer 8 

Heat,  Cause  of,  in  cutting  metal  6 
**     Effect  of,  on   cutting 

speed 6 

*'     generated    in    cutting 

metal 6 

Height,  Correct,  for  threading 

tool  5 

**       of  a  thread 4 
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Height  of  boring:  tools 6 

^*        of    diamond  -  pointed 

tool 8 

**       of  tool.   Effect  of,  on 

clearance 6 

**       of  tool.    Effect  of,  on 

rake 6 

••        of  tool.  Effect  of,  on 

strenfTth 5 

**        of  tool,  in  turning 

taper  work 8 

Helical  grooves.   Direction  of 
rotation    of    work 

while  cutting 16 

**       grooves  with  inclined 

sides.  Cutters  for...  16 
**'       grooves  with  one  side 

radial.  Cutters  for..  16 
"       grooves  with  parallel 

sides,  Cutters  for...  16 

Helix 16 

"     Angleof 16 

"    DeAnitionof 18 

"     Leadof 16 

♦•     Pitchof 16 

Helixes,  Cutters  for 16 

Hermaphrodites,  Centering  by  8 
Hob  for  British  standard  thread 

tool 6 

Holders  for  boring  tools 6 

**        for  turning  tools 6 

Holding    tools    for  turning 

chilled  rolls 7 

**          work   between  cen- 
ters   8 

**          work  on  shaper 0 

Hole,  Effect  of   improperly 

formed  drill  on 10 

Holes,    Advantage   of    large 

tap 4 

"       Boring  small 5 

"       drilled.  Causes  of  irreg- 
ularity in 10 

"       Drilling  deep 12 

*♦       Lead 18 

"       Measuring  bored 4 

"       Size  of  Up 18 

Hollow  mills 7 

Horizontal  boring  and  drilling 

machine 11 

"  drilling  and  boring 

machines 11 

**          flange  drilling  ma- 
chine    11 

floor  mills 11 

Housings,  Planer 8 
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Sec.  Page 
Housings,  Planing  work  too 

wide  for 9  88 

Hubbingtool 19  85 

I  Sec.  Page 

Independent  chucks 4  8 

Index  centers.  Plain 14  84 

"      centers.  Types  of ." 14  84 

**      circle.  Selecting  of 15  83 

**      crank, Calculating  turns 

of 15  89 

"      dial.  Effect   of  rotating 

on  spiral  head 16  3 

"      head.  Adjustable 14  48 

**      head.  Arbor  for 15  8 

"      head  for  spiral  work....  16  88 
**      head.  Spiral,  for  milling 

machine 14  37 

**      head.     Universal,    for 

milling  machine 14  86 

**      plate,  Use  of  sector  on..  15  85 

"      tables  15  26 

Indexing,    Calculating   moves 

for  compound  ...  15  97 

"  Compound 15  27 

"           compound.    Simpli- 
fying moves  for..  15  20 

"  Differential 16  1 

**  differential,  Tables 

for 16  5 

"  Direct 15  21 

"  Effect  of  change  of 

elevation  of  head 

on   15  26 

"  Fractional 16  12 

"  Indirect 15  21 

**          mechanism.    Con- 
struction of 15  21 

**  mechanism.  Stop- 

pin  for 15  22 

"  Simple 15  91 

"  Spiral  head  for 16  1 

Inserted  blade  reamers 10  34  • 

*'         blade  side  mills 18  19 

**         tooth  side  mills 13  20 

Inside  screw  cutting 5  12 

**      screw  cutting,  Stop  for  5  13 

"      threads,  Testing 5  18 

Inspecting  chilled-iron  castings  7  1 
Internal   stresses  in  planer 
work.  Errors  caused 

by : 9  88 

thread... 4  41 

Iron,  Allowance  for  hot,  in  roll 

grooves 7  16 

""     cast,  Cutting  speed  for...  6  0 
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IroD,  Planing  chilled 7  20 

"     wrought,   Cutting  speed 

for 6  9 
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J  Sec.  Page 

Jack,  Screw 10  44 

Jacks  for  high  work  on  planer  8  80 

"     Planer 8  26 

Jaw,  False,  for  planer  chuck..  8  0 

Jaws,  False,  for  vise 14  29 

*'      Special,    for      planer 

chucks 8  IS 

Jig,  Construction  of  drilling...  12  12 
"    for  drilling  flanges  with 

irregularly  spaced  holes  12  18 
'*    for  drilling  flanges  with 

regularly  spaced  holes..  12  12 

"    Gib  milling 15  17 

»•    Splining 15  14 

Jigs,  Drilling 10  47 

"     Drilling 12  11 

"     for  holding   work  on 

planer 8  29 

**     for    irregular     surfaces, 

Drilling 12  14 

**    milling,  Holding  work  in  15  14 

"     Multiple  milling 15  17 

*'    Purpose  of  milling 15  14 

K  Sec.  Page 

Keenness,  Angle  of 6  28 

'*  Angle    of,    in  lathe 

tools 5  24 

*'         of  planer  tools 9  2 

Key  seats.  Clamping  work  for 

planing 8  21 
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